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(57) Abstract: The invcntioQ relates to quinazolinc derivatives 
of fbnnula (I), wherein m k an integer £rom 1 to 3; R^ tepc&- 
(ti^ ^ts halogeno or Ci.salkyi; X' represents R^ is selected 

™ fiom one of the fonowing three groups: 1) Ci.5all[y]R^ (wbeiedn 

r3 is pjperidin-4-yl which nmy bear one or two substitiients se- 
(I) lecled fiomhydioocy, halogeno, Ci^^aQ^ Ci.4bydraGcyall7l and 
Ci.4aIkQzy; 2) CisaJken^^ (wherein R' is as defined hereiiibe^ 
foze); 3) CuaU^iiylR^ (n^iercin R^ is as defined heiehibefare); 
and wherein any aUcyl, alkenyl or alkynyl group may bear (me or 
mote substitusnts selected £rom hydroxy, halogeno and amino; 
and salts thereof; processes for their iHeparadon, idmnnaceu- 
tical oon^sitians contaimng a conqxnmd of fonnula (I) or a 
pharmaoeotically acceptable salt thereof as active ingredient Hie compounds of focmula (I) and the phannaoeutically acceptable 
salts tbereof inhibit the efifects of VEGF, a property of value in ^e treatment of a number of <fisease states including cancer and 
if^ffft>^iil(y|^f aithcitis. 
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QUINAZOUNEDfiRIVAnVES AS VEGF INHIBITORS 



The present invention relates to quinazoline derivatives, processes for thdr 
preparation, phaimaoeutical compositions contiuning thesn as active ingredient, methods for 
S the treatment of disease states associated with angiogenesis and/or increased vascular 

penneability, to their use as medicaments and to their use in the manufacture of medicaments 
for use in the production of antiangiogenic and/or vascular permeability reducing effects in 
warm-blooded animals such as humans. 

Normal angiogenesis plays an important role in a variety of processes including 

10 embryonic development, wound healing and several components of female reproductive 
function. Undesirable or pathological angiogenesis has been associated with disease states 
including diabetic retinopathy, psoriasis, cancer, riieumatoid arthritis, atheroma, Kaposi's 
sarcoma and haemangioma (Fan et al, 199S, Trends Phamacol. Sd. 16: 57-66; Folkman, 1995, 
Nature Medicine 1 : 27-3 1). Altmrtion of vascular pmneability is thou^t to play a role in 

1 5 both normal and pathological physiological processes (Cullinan-^Bove et al, 1 993, 

Endocrinology 133: 829-837; Senger et al, 1993, Cancer and Metastasis Reviews, 12: 303- 
324). Several polypeptides with m vitro endothelial cell growth promoting activity have been 
identified including, acidic and basic fibroblast growth factors (aFGF & h¥GS) and vascular 
endothelial growth factor (VEGF). By virtue of the restricted expression of its receptors, the 

20 growth factor activity of VEGF, in oontirast to that of the FCH^s, is relatively spedfic towards 
endothelial cells. Recent evidence indicates that VEGF is an unportant stimulator of both 
normal and pathologicai angi€>genesis (Jakeman et al, 1993, Badocrinology, 133: 848-8S9; 
Kolch et al, 1995, Breast Canc^ Research and Treatment, 36:139-155) and vascular 
pameability (Connolly et al, 1989, J. Biol. Chem. 264: 20017-20024). Antagonism of VEGF 

25 action by sequestration of VEGF witii antibody can result in inhibition of tumour growth (Kim 
et al, 1993, Nature 362: 841-844). 

Receptor tyrosine kinases (RTKs) are important in the transmission of biochemical 
signals across the plasma membrane of cells. These transmembrane molecules 
characteristically consist of an extracellular ligand-binding domain connected through a 

30 s^ment in tiie plasma membrane to an intracellular tyrosine kinase domain. Binding of ligand 
to the receptor results in stimulation of the receptor-associated tyrosine kinase activity which 
leads to phosphorylation of tyrosine residues on both the receptor and other intracellular 
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molecuies. These changes in tyrosine phosphorylation initiate a signalling cascade leading to a 
variety of cellular responses. To date, at least nintiicen distinct RTK subfamilies, defined by 
amino acid sequence homology, have been identified. One of these subfamilies is presently 
comprised by the fms-like tyrosine kinase receptor, Fh or Fltl, the kinase insert 
S domain-containing receptor, KDR (also refored to as Flk-l), and anodic fins-like tyrosine 
kinase receptor, Flt4. Two of these related RTKs, Fh and KDR, have bem shown to bind 
VEGF with high affinity (De Vries et al, 1992, Science 255: 989-991; Terman et al, 1992, 
Biochem. Biophys. Res. Comm. 1992, 187: 1579-1586), Binding of VEGF to these receptors 
^pressed in heterologous cells has been associated with changes in the tyrosine 

10 phosphorylation status of cellular proteins and calciiim fluxes. 

Quinazoline derivatives which are inhibitors of VEGF recq>tor tyrosine kinase are 
described in Xntemational Pat^t Applications Publication Nos. WO 97/30035 and WO 
98/13354. In WO 97/30035 and WO 98/13354 compounds are described which possess 
activity ag^nst WEXSP receptor tyrosine kinase whilst possessing some activity against EGF 

15 receptor tyrosine kinase. 

Compounds of the present invention fall within the broad graeral disclosure of WO 
97/30035 and WO 98/13354. We have found that compounds of the present invention possess 
very ^d inhibitory activity against YEGF mocptor tyrosine kinase. Compounds of the 
present invention, whidi have been tested, show m vivo activity against a range of tumour 

20 xenografts in mice. Compounds oflfae present invention possess a beneficial toxicok)gical 
inofile when tested over 14 days in rats. Compounds of the |»ese&t invention possess 
good inhibitory activity against VEGF recqstor tyrosme kinase, showm Wvo activity agamst a 
range of tumour xenografts in mice and possess a beneficial toxicological profile when t^ted 
over 14 days in rats. 

25 Compounds of the present invention inhibit the effects of VEGF, a property of value in 

the treatment of disease states associated with angiogenesis and/or increased vascular 
permeability such as cancer, diabetes, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, 
haemangioma^ acute and chronic nephropatiiies, atheroma^ arterial restenosis, autoimmune 
diseases, acute inflammation, excessive scar formation and adhesions, endometriosis, 

30 dysfunctional uterine bleeding and ocular diseases witii retinal v^d proliferation. 

Compounds of the present invention possess good activity agamst VEGF recqrtor 
tyrosine kinase whilst possessing some activity against EGF receptor tyrosine kinase. 
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Furthermore, some compounds of Ihe present invention, possess substantially higher potency 
against VEGF recqrtor tyrosine kinase than against EGF receptor tyrosine kinase or FGF Rl 
receptor tyrosine kinase. While we do not wish to be bound'by theoretical considerations such 
compounds may for example be of interest in treating tumours which are associated with 

S VEGF, especially those tumours whidi are dq)endeiit on VEGF for their g^>w& 
b^eved that these compounds may be of interest in treating tumour states associated with both 
VEGF and EGF, especially ^ere a patient is sufifering &om a condition in which tumouis are 
present which are depmdeat on both VEGF and EGF for their growth. 

AcccH^g to one aspect of the preset invcsition Hasre is provided a quinazoline 

10 derivative of the formula I: 




IS m is an integer fiiom 1 to 3; 

represents halogeno or C,.3alkyi; 
represents -0-; 
R^ is selected from one of the following three groups: 

1) C|.salkylR^ (wherein R^ is piperidin-4-yl \^ch may bear one or two substituents selected 
20 from hydroxy, halogeno, Ci^alkyl, Ci^hydroxyalkyl and Cj^alkoxy; 

2) Cau^alkraylR^ (wherein R^ is as defmed hereinbefore); 

3) C2.3alkyny]R^ (wherein R^ is as defined hereinbefore); 

and T^ermi any alkyl, alkenyl or alkynyl groiqp may bear one or more substituents selected 
from hydroxy, halogeno and amino; 
25 or a salt thereof or a prodrug thereof. 
Preferably m is 2. 
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Preferably the phenyl group bearing (K\ is selected from 2-fluoro-4-methylphrayl, 4- 
chloro-2,6-difluon)phenyI, 4-biomo-2,6-difluoropheiiyl, 4-chlon>-2-fluorophaiyl group and 
4-bromo-2-fluorophenyl, 

More prrferably the phenyl group bearing (R\ is selected from 4-chloro-2-fluoroi^enyl and 
5 4-brQmo^2-fluorophCTyl. 

Most preferably the phenyl gfoap bearing (ROm ^ 4-bromo-2-fluon^henyL 

Preferably is CL^alkylR^ (wherein is as defined haneinbefore). 

More preferably R^ is C].3alky]R^(wherein R^ is as defined hereinbefore). 

Paxticulariy R^ is piperidin-4-ylmethyl in which the piperidine ring may bear one or two 
10 substituents as d^ed hereinbefore. 

More particularly R^ is piperidin-4-yhnetfayl in which the piperidine ring may bear one or two 

substituents selected from Ci^ailqrl. 

Espedally R^ is l-mediylpiperidin*4-ylmethyl. 

Acccmlmg to a fiirther aspect of the preswt mvmtion there is provided a quinazolme 
IS derivative of the fOTnulall: 




wherein: 
20 maisanint^erfiom 1 to3; 

R^* represents halogeno or C,.3a]kyl; 
X^* represents -0-; 

R^ is selected from one of the following three groups: 
l)C,.5alkylR' (wherein R' is as defined hereinbefore)^ 
25 2) C^jalkoiylR^ (wherein R' is as defined hereinbefore); 
3) C^^salkynylR^ (wherein R^ is as defined hereinbefore); 
or a salt thereof or a prodrug thereof. 
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Preferably ma is 2. 

Preferably the phenyl group bearmg (R^*^ is selected firom 2-fluoio-4-metfaylphenyl, 4- 
chloro-2,6-difluorophenyl, 4-broino-2,6-difluorophenyl, 4-chlaro-2-fluon)phenyI group and 
4-bromo-2-fLuoiophenyl. 
5 More preferably the phenyl grcHip bearing ^^')^ is selected fr 
and 4-bioino-2-fIuoiuphenyl. 

Most preferably the phenyl group bearing (R'Oma is 44)rDmo-2-fluorophenyl. 
Preferably is C^jalkylR^ (wherein is as defined hereinbefore). 
More preferably R^ is C,.3aIkylR'(wherein R^ is as defmed hereinbefore). 
10 Particularly R^ is piperidin-4-ylmethyI in which the piperidine ring may bear one or two 
substituents as defined hereinbefore. 

More particularly R^ is piperidm-4-yhnethyl in which the piperidme ring may bear one or 

two substituents selected from Ci^allsyL 

Eq)eciany is l-in^ylpiperidin-4-ylmeUiyl. 
1 S Preferred compounds of the presat invmtion mclude: 

4-(4-chk)io-2-fiuon)anilino>^S-mc^xy-7-(l-methylpiperidin-^^ 

4-(2-fluoro-4-methylanilino)-6-me&oxy-7-(l-methylpiperidin-4-yl^ 

4<44)romo-2-fhion)anilino)-6-meflioxy-7-(l-methylpiperidin-^^ 

4-(4-chloro-2,6-difluoroaniUno)-6-mcthoxy-7-(l-methylpipcridin-4-^ 
20 4-(4-bn>mo-2,6-difluoroanilino>-6Haaielhoxy-7-<l-^ 

4-(4-dUo]x>-2-fluoroanilino)-6-medKixy-7-<piperidi^ 

4-(2-flucm>-4-mediyhmilmo)-6-medioxy-7^piperidti^ 

4-(4-bnMno-2-fluon>aniIino)-6-metfaoxy-7-^iperidin-^ 

4-(4-dblorc>-2»6-difluoioanifino)-6-metiioxy-7-(piperidin-4-ylmeA and 

25 4-(4^mo-2,6-difluoioanilino>^medioxy-7-<piperidin-4^ 
and salts thereof especially hydrochloride salts thereof. 
More preferred compounds of the pr^ent invention include: 
4-(4-chloro-2-fluoroaiiilino)-6-methoxy-7-(l-mediylpipOTdin-4-ylmethoxy)qui^ 
4'^4-bromo-2*fluoroan]lino)^-methoxy*7-(l-methylpiperidin^-ylmethoxy)quinazol^ 

30 4-(4-ddon>-2,6-difluoroanilino)-6-methoxy-7-<l-methylpiperidin-^ 

4-(4-bromo-236^ifluon>anilino)-6-methoxy-7-<l-m^ylptperidin-4-yImet^ 
4--(4-chl(^o-2-fluoroanilino)-6-medioxy-7-<piperidin-4-ylmethoxy)qdnazoIm^^ 
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4-(4-bromo-2-fluon)anilino)-6-methoxy-7-(piperidm-4-yl^ 

4-(4«<Moro-2,6-difluoroaniliDo)-6-methoxy-7-(piperidin*4- and 
4-(4-bromo-2,6-difluoroaniUno)-6-methoxy-7-(piperidin-4-ylme^ 
and salts tiimof especially hydrochloride salts thereof. 
5 Particularly preferred compounds of the present invent 
4-(4-dd<MO-2^fluoroamUno)-6Hnetfaoxy-7-(l-metfayl^^ 
4-(4-bromo-2-fluoroaniUno)-6-metliQxy-7-(l-mediylpipe^ 
4-(4-<Moro-2,6-difluoroanilino)-«6-methoxy-7-(l-methyipi^ 
and 

10 4-(4-bn>mo-2,6-difhioroanilino)-6-methoxy-7-(l-methyipiperidm-^^ 
and salts thereof especially hydrochloride salts thereof 
More paiticulariy preferred compounds of the present invention inchide: 
4-(4-diloio-2-fluoroanilino)-6-methoxy-7^1-metfaylpiperidin-^ 
4-(4-broino-2^fluorDanflino>6-methoxy*7-<l-metfaylpipmd 

IS and salts thereof espedally hydrochloride salts tfamof 
An especially preferred compound of the presat invention is 
4-{44)mmo-2-fhion>anifino)-6-methoxy-7-(l-methylpiperidin-^ 
and salts thereof especially hydrochloride salts thereof 

For the avoidance of doubt it is to be understood that where in this specification a 

20 group is qualified by 'hereinbefore defined' or 'defined hereinbefore' the said group 
encompasses the first occurring and broadest definition as well as each and all of the 
prefeired definitions for that gioiq). And a similar convration q>pltes to 'hereinafter defined' 
or 'defined h^ieinaftd**. 

Jn this specification unless stated otherwise the tmn "alkyl" includes hoAi straig^it and 

25 branched diain alkyl groiq>s but refmnces to individual alkyl groups sudi as "propyl" are 
specific for the straight chain version only. An analogous convention applies to other generic 
terms. Unless otherwise stated the term "alkyl" advantageously refei^ to chains with 1-5 
carbon atoms, preferably 1-3 carbon atoms. The term "'alkoxy'" as used herein, unless stated 
otherwise includes "alkyF-O- groups in which "alkyF is as hereinbefore defined. The term 

30 ''aryr as used herein unless stated otherwise includes reference to a aryl group which 
may, if desired, carry one or more substituents selected fixim halogeno, alkyl, alkoxy, nitro, 
Irifluoromethyl and cyano, (wherein alkyl and allcoxy are as hereinbeforo defined). The tem 
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"aryloxy" as used herein unless otherwise stated includes "aryl"-0-groups in which "aryF* is as 
hereinbefore defined. The term "sulphonytox/' as used herein refers to alkylsulphonyloxy and 
aiylsulphonyloxy groups in which "alkyl" and "aryl" are as hereinbefore defined. The term 
^'alkanoyr as used herein unless o&erwise stated includes formyl and alkylC=0 groups in 
S which ^alkyr is as defined hereinbefore^ for example Cs^anoyl is edianoyl and refers to 
CHjOO, Cialkanoyl is f<»myl and refers to CHO. In this spedfication unless stated otherwise 
the term '^alkoiyF includes both strai^t and branched diain alkenyl groups but references to 
individual alkenyl groups such as 2-butenyl are specific for the straight chain version only. 
Unless oth^wise stated the term "alkenyF' advantageously refers to chains with 2-5 carbon 

10 atoms, preferably 3-S carbon atoms. In this specification unless stated otherwise the term 
'^alkynyP includes both straight and branched chain alkynyl groups but references to individual 
alkynyl groups such as 2-butynyl are specific for the straight chain version only. Unless 
otherwise stated the term ^alkynyF advantageously to chains with 2-S caibon atcmis, 
pref^ably 3-5 carbon atoms. 

IS la formula I, as hereinbefore defined, hydiogm will be presmt at positions 2, 5 and 8 

of die quinazoline Sfoap. 

Within the present invention it is to be understood that a compound of the formula I or 
a salt thereof may exhibit ihe phenomenon of tautom^ism and that the fcmnulae drawings 
within this specific^on can represent only one of the possible tautomeric forms. It is to be 

20 understood that the invention encompasses any tautomeric form which inhibits VEGF rec^tor 
tyrosiae kinase acdvity and is not to be limited merdiy to any one tautomeric form utilised 
widiin the formulae drawings. 

It is also to be understood that obtain compounds of the formula I and salts thereof can 
exist in solvoted as well as unsolvated forms such as, for example, hydrated forms. It is to be 

25 understood that die inventicm aoompasses all such solvated forms which inhibit VE(? 
recqrtor tyrosine kinase acti^ty . 

For tiie avoidance of any doubt, it is to be understood that in a compound of the 
formula I when is, for example, a group of formula C2.5alkenylR^ it is the Cs^salkenyl 
moiety which is bound to and an analogous conv^ttion applies to other groups. When 

30 is a group l-R^prop-l--en-3-yl it is the first caibon to which the group R^ is attached and it is 
the third carbon which is linked to X^, similarly when R^ is a group 2--R^pent-3*en*S-yl it is 
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the second carbon to which the group is attached and it is Ifae fifth carbon which is linked 
to X\ and an analogous convention applies to other groups. 

Ck>mpounds of Formula I may be administered in the form of a prodnig which is 
brokoi down in the human or animal body to give a compound of the Formula I. Examples of 
5 prodrugs indude in vivo hydrolysable esters of a compound of the Formula 1. 

Various fonns of prodrugs are known in the art. For examples of such prodrug 
derivative see: 

a) Design of Prodrugs, edited by H. Buridgaard, (Elsevier, 1985) and Methods in 
Enzymology, Vol. 42, p, 309-396, edited by K. Widder, et al. (Academic Press, 1985); 
10 b) A TexAook of Drug Design and Development, edited by Krogsgaard-Larsen and 
H. Bundgaard, Chdptisc 5 '^Design and Application of Prodrugs", by K Bundgaard 
p. 113-191 (1991); 

c) H. Bundgaard, Advanced Drug Deliv^ Reviews, 8, 1-38 (1992); 

d) H. Bundgaard, et al.. Journal of Miannaceutical Sdences, 77, 285 (1988); and 
IS e) N.Kakeya,etal.,ChemPharm Bull, ^692 (1984). 

An m Wvo hydrolysable ester of a compound of Formula I oonlaimng a hydroxy group 
indudes inorganic esters such as phosphate esters (including i^osphoramidic cyclic esters) 
and a-acyloxyalkyl elhers and related compounds \^ch as a result of the in vivo hydrolysis 
of the ester breakdown to give the pBtent hydroxy group/s. Examples of a-acyloxyalkyl 

20 ethers include acetoxymethoxy and 2,2-dimethylpropionyloxy-methoxy. A selection of m 
vivo hydrolysable ester forming groups for hydroxy include alkanoyl, benzoyl, phenylaoetyl 
and substituted benzoyl and phenylacetyl, alkoxycarbonyl (to give alkyl caibonate esters), 
diatkylcarbamoyl and N-(diaIkyiaaunoethyl>N-a]kylcarbamoyl (to give caibamales), 
dialkyiaminoacetyl and carboxyacetyl. Examples of substitueats <m benzoyl include 

25 morpholino and piperazino linked from a ring nitrogen atom via a me&ylene group to tiie 3- 
or 4- position of the benzoyl ring. 

The present invention relates to the compounds of formula I as hereinbefore defined as 
well as to the salts thereof. Salts for use in pharmaceutical compositions will be 
pharmaceutically acceptable salts, but other salts may be usefijl in the production of the 

30 compounds of formula I and tiielr pharmaceutically acceptable salts. Pharmaceutically 
acceptable salts of the invention may, for example, include add addition salts of the 
compounds of formula I as herembefore defined wtach are sufficiently basic to form such salts. 
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Such add addition salts include for example salts with inorganic or organic acids affording 
phannaceutically acceptable anions such as ynth hydrogen halides (especially hydrochloric or 
hydrobromic acid of which hydrochloric acid is particularly preferred) or with sulphuric or 
phosphoric add, or witii trifiuoroacedc, dtric or maleic add. In addition where the 
5 compoundsoffcHmulalaresuffidenlly acidic, phannaceutically acce^^ . 
fonned with an inorganic or organic base ^ich affords a phannaoeutically acceptable cation. 
Such salts with inofganic or organic bases include for example an alkali metal salt, such as a 
sodium or potassium salt^ an alkaline eardi metal salt such as a caldum or magn^ium satt; an 
ammonium salt or for example a salt with methylamine, dimethylamtne, trimethylamine, 

10 piperidine, morpholine or tris-(2-hydioxyethyl)amine. 

A compound of the formula I, or salt thereof, and other compounds of the invention (as 
hereinafter define^ may be prepared by any process known io be applicable to the preparation 
of diemically-ielated compounds. Such processes inchid^ for example, those illustrated in 
European Patent Applications, Publication Nos. 0520722, 0566226, 06Q28S1 and 0635498 and 

15 in International Patent Applications Publication Nos. WO 97/22596, WO 97/30035, WO 

97^2856 and WO 98/13354. Such processes, are proidded as a finth^ feature of the invention 
and are as described hereinafter. Necessary starting materials may be obtained by standard 
procedtn-es of organic chemistry. The preparation of such starting matmals is described within 
the accompanying non-limiting Examples. Alternatively necessary starting materials are 

20 obtainable by analogous procedures to those ilhistrated which are within the ordinary skill of 
an CKganic diemist. 

Thus the foUowing processes (a) to (d) and (i) to (iv) constitute further features of the 
present mvention. 

Synthesis of Compounds of Formula I 
25 (a) Compounds of ifae fmmula I and salts thereof may be pTq)ared by the leacdon of a 

compound of the formula III: 



30 
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(wherein and are as defined hereinbefore and is a displaceable moietyX ^ 
compound of the fonnula IV: 



5 




(IV) 

10 (wherein R' and mare as ddined hereinbefore) \^^eby to obtain compounds of the fonnula I 
and salts thereof A convenient displaceable moiety is, for example, a halogeno, alkoxy 
(preferably Ci^alkoxy), aryloxy or sulphonyloxy group, for example a diloro, bromo» 
medioxy, phenoxy, medianesulphonyioxy or toiuen6-4-sulphonyloxy groiq). 

The reaction is advantageously effected in the presmce of either an add or a base. 

IS Sudi an add is, for example, an anhydn>ttsinoiganic acid sudi Such a 

base is» for exami^ei, an organic amine base sudi as, for example^ pyridine, 2^6-lutidine, 
collidine, 4-dmiethylambopyridine, trietfaylamine, morpholine, H-^cthylmoipholine or 
diazabicyclo[S.4.0]undec-7-ene, or for example, an alkali metal or alkaline earth metal 
(^bonate or hydroxide, for example sodium carbonate, potassium carbonate, calcium 

20 caibonate, sodium hydroxides potassium hydroxide. Altanatively suchabaseis, for 
example, an alkali metal hydride, for example sodium hydride, or an alkali metal or alkaline 
earth metal amide, for example sodium amide or sodmm bis(tiimethylsilyl)amide. The 
reaction is prefi^ably effected in the presence of an inert solvent or diluent for example an 
alkanol or ester such as medianol, ethanol, 2-pTOpanol or ethyl acetate a halogcaiated solvent 

2S sudi as mediylene diloride, trichlorometibane ot caibon tetradiloride, an ether such as 
tetrahydrafiiran or 1,4-dioxan, an aromatic hydrocaibon solvent such as toluene, or a dipolar 
iqirotic solvent sudi as N^-dimethylformamide, j^LH-dunediylacetamide, 
N-mefhylpynx)lidin-2-one or dimethylsulphoxide. The reaction is conveniently effected at a 
temperature in the range, for example, 10 to 1 50^C, preferably in the range 20 to 80X. 

30 The compound of the invention may be obtained from this process in the form of the 

free base or alternatively it may be obtained in the form of a salt with the acid of the fonnula 
H-L' whoein has the meaning defined hereinbefore. When it is desired to obtain the free 
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base from tbe salt, the salt may be treated with a base as defined herdnbefore using a 
conventional procedure. 

(b) Compounds of the formula 1 and salts thereof may be prepared by the reaction, 
conveniratiy in the presence of a base as defined hereinbefore^ of a compound of the formula 

5 V: 



10 ,\X J) 



(V) 

(whmin m, and are as hereinbrfore defined) wiA a compound of formula VI: 



15 



K^-V (VI) 
(^^dierein and are as hereinbefore defined); is a di^laceable moiety for example a 
halogeno or sulphonyloxy group such as a bromo or methanesulphonyloxy group. 
Conveniently is a group 0-*P(Y)3 (wherein Y is butyl or phenyl) and in such cases the 

20 compoundof formula VI is conveniently formed //1 5i7v. The reaction is preferably effected in 
the pres»ce of a base (as defined hereinbefore in process (a)) and advantageously in the 
presence of an inert solvent or diluent (as defined hereinbefore in process (a)), advantageously 
at a tmperatiTO in the range, for example 10 to 150^0, conveniently at about 50X. 

(c) Compounds of the fomula I and salts thereof may be prepared by the reaction of a 

25 compound of the fcnmula Vn: 



30 L' AAn-" 



(vn) 
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with a compound of the formula Vni : 

R^-X^-H (vm) 

5 

(wherein L^, R\ R^^ m and are all as hereinbefore defined). The reaction may conveniently 
be effected in the presence of a base (as defined hereinbefore m process (a)) and 
advantageously in the presence of an inot solvent or diluent (as d^ed hereinbefore in 
process (a)), advantageously at a temperature in the range, for example 10 to ISO^C, 
10 conveniently at about 100°C. 

(d) Compounds of the formula I and salts thereof may be prepared by die deprotection of a 
compound of the formula IX: 



15 




20 

wherein R\ m and X' are all as hereinbefore defined, and R^ represents a protected R^ group 
wherem R^ is as defined hereinbefore but additionally bears one or more protecting groups P^. 
The choice of protecting group is withm tilie standard knowledge of an organic diemist, for 
example those included in standard texts such as **Protective Gn>iq)s in Organic Synthesis'^ 

25 T. W. Greene and KG^Wuts, 2nd Ed. Wiley 1991 . Preferably P^ is a [Hotecting group sudi 
as a carbamate (alkoxycaibonyl) (such as, for example, /erT-butoxycaibonyl, lert- 
amyloxycaibonyl, cyclobutoxycaibonyl, propoxycaibonyl, methoxycarbonyl, 
ethoxycarbonyl, isopropoxycarbonyl, allyloxycaibonyl or benzyloxycarbonyl). More 
preferably is ter/-butoxycarbonyL The reaction is preferably effected in the presence of an 

30 acid. Such an acid is, for example, an inorganic acid such as hydrogen chloride, hydrogen 
bromide or an organic add such as trifluoroacetic acid, trifluoromethane sulphonic acid. The 
reaction may be effected in &e presence of an inert solvent such as methylene chloride. 
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tridilaramediane and in the presence of a trace of water. The reaction is conveniently 
effected at a tempoature in the range, for example, 1 0-1 GOT, preferably in the range 20- 
80'C. 

Synthesis of Intermediates 
S (i) The compounds of formula III and salts thoeof in whidi is halogox) may for 

example be pr^jared by hdogmating a compound of the formula X: 



10 




15 (wfaoein and X' are as hereinbefore dduied). 

Conveniwt halpgenating agents include inorganic add halides, for example tiiicxiyl 
chloride, phosphorus(III)chloride, phosphonis(V)oxychloride and phosplioni$(V)chk)ride. The 
haiogenation reaction is conveniently effected in the presence of an inert solvent or dilumt 
such as for example a halogenated solvent such as mediylene chloride, trichloromethane or 

20 carbon tetrachloride, or an aromatic hydrocarbon solvent such as benzene or toluene. The 
reaction is conveniently effected at a temperature in the range, for example 10 to 150**C, 
preferably in the range 40 to lOO'^C. 

The compounds of formula X and salts thereof may for example be prepared by 
reacting a compound of the formula XI: 




30 



(XI) 
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(wherein is as hereinbefore defiDed) with a compound of the formula vm as hereinbefore 
defined. The reaction may conveniently be effected in the presence of a base (as defined 
hereinbefore in process (a)) and advantageously in the presence of an inert solvent or diluent 
(as defined hereinbefore in process (a)), advantageously at a temperature in the range, for 
5 example 10 to ISOX, conveniently at about lOO'^C. 

The compounds of formula X and salts thereof may also be prquuned by cyclising a 
compound of the foraxuia XH: 



IS (wherein and X', are as hereinbefore defined, and is an hydroxy, alkoxy (preferably C|. 
4all«?xy) or ammo group) i^ereby to form a compound of formula X or salt thereof. The 
cyclisadon may be efifected by reacting a compound of the fcmnula XII, whm is an 
hydroxy or alkoxy group, with formamide or an equivalent thereof effective to cause 
cyclisadon whereby a compound of formula X or salt thereof is obtained, such as [3- 

20 (diroethylanimo>2-azaprop-2-eoylidene]dimethylammonium diloride. The cyciisation is 
conveniently effected in the presrace of formamide as solvent or in the presmce of an inert 
solvent or dihient such as an edier for example 1,4-dioxan. The cyciisation is omveniently 
effected at an elevated tmperature, preferably in the range 80 to 200X. The compounds of 
formula X may also be prepared by cyclising a compound of the formula XD, vrhexe A^ is an 

25 amino group, with formic acid or an equivalent thereof effective to cause cydisation wherd>y a 
compound of f<Hmula X or salt thmof is obtained. Equivalrats of formic acid effective to 
cause cyciisation include for example atri-C,.4alkoxymefhane, for example triefhoxymethane 
and trimethoxymethane. The cyciisation is conveniently effected in the presence of a catalytic 
amount of an anhydrous acid, such as a sulphonic acid for example p-toluenesulphonic acid, 

30 and in the presence of an inert solvent or diluent sudi as for example a halogenated solvent 
such as methylene chloride, trichloromethane or carbon tetrachloride, an ether sxxch as diethyl 
etho: or tetrahydrofuran, or an aromatic hydrocarbon solvmt such as tolurae. The cyciisation 



O 



10 




(xn) 
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is coaveniently effected at a temperature in the range, for example 10 to lOO^Q preferably in 
Hie range 20 to SOX. 

Compounds of foimula XII and salts thereof may for example be prepared by the 
reduction of the nitio gfoup in a compound of the formula XIH: 




(Xffl) 



(wherein R^, and are as hereinbefore defined) to yield a compound of fonnula XII as 
hoeinbdbre defmed. The reduction of the nitro groi^ may oonvraiently be effected by any of 
the piocedures known for such a transformation. The reduction may be carried out, for 

IS example^ by the hydrogenatkm of a solution of the nitro compound in ihe presence of an inert 
solvent or diluoit as defined hminbefore in die presence of a metal effective to catalyse 
hydrogenation reactions sudi as palladium or platinum. A further reducing agent is, for 
example^ an activated metal such as activated iron (produced for example by washing iron 
powder with a dilute sohition of an acid such as hydrodiloric acid). Thus, for example, the 

20 reduction may be effected by heating the nitro compound and the activated metal in the 
preseoice of a solvent cm* dilumt sudi as a mixture of water and alcohol, for example methanol 
or ethanoL, to a temperature m the range, for example 50 to ISO^C, conveniently at about 70X. 

Ccmipounds of the formula Xm and salts th^eof may for example be jpepmA by Ike 
reaction of a compound of the formula XIV: 

25 




O 



(XIV) 
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(wherein and are as hereinbefore defined) with a compound of the formula Vm as 
hereinbefore defined to give a compound of the fonnual XIII. The reaction of the compounds 
of formulae XIV and Vm is conveniently effected under conditions as described for process 
S (c) hereinbefore. 

Compounds of formula Xm and salts Aereof, may for example also be prq)ared by the 
reaction of a ccMUpound of Ihe formula XV: 



io 




O 

(XV) 

1 S (whetein X^ and are as hereinbefore defmed) with a compound of the formula VI as 
hereinbefore defined to yield a compound of formula XHI as hereinbefore defmed. The 
reaction of the compounds of formulae XV and VI is conveniently effected under conditions as 
described for process (b) hereinbefore. 

The compounds of formula m and salts tiiereof may also be pi^ared for example by 

20 reacting a compound ofthe formula XVI: 



I? 




25 

(XVI) 

(wherein X' is as hereinbefore defmed and repres«its a displaceable protecting moiety) with 
a compound ofthe formula VI as hereinbefore defined, whereby to obtain a compound of 
30 formula ni in which is represented by L^. 

A compound of formula XVI is convenientiy used in which 1? represents a phmoxy 
group which may if desired carry up to S substituents, preferably up to 2 substituents, selected 
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fiom halogeao, nitro and cyano. The reaction may be convenicaitiy eSected under conditions 
as described for process (b) hereinbefore. 

The compounds of formula XVI and salts thereof as hereinbefore defined may for 
example be prepared by dq>rotecting a compound of the formula XVII: 

5 ,2 

(xvn) 

10 

(v^erein X^ and are as hereinbefore defined and represents a phenolic hydroxy protecting 
group). The choice of phenolic hydroxy protecting group P^ is within the standard knowledge 
of an organic diemist^ for example those mcluded in standard texts such as "Protective Groups 
in Oiganic Syntiiesis" T.W. Greene and R.G.M.Wuts, 2nd Ed. Wiley 1991, including etfaei^ 

1 5 (for example, mediyl, methoxymediyl, ally! and benzyl and b^izyl substituted with up to two 
substituents selected from Q^alkoxy and nitro), silyl ethers (for example, t-butyldiphenylsilyl 
and t-butyldimethylsilyl), esters ({or example, acetate and brazoate) and carbonates (for 
example, mediyl and benzyl and benzyl substituted with up to two substituents selected from 
Ci^aOcoxy and nitro). Deprotection may be effected by techniques well known in the 

20 Uterature, for example wheroP^ represents a benzyl 9xmpdq)rotection may be efif^^ 
hydrogenolysis or by treatment with trifluoroaoetic acid. 

The removal of such a phenolic hydroxy protecting group may be effected by any of tiie 
procedures known for sudi a transformation, including those reaction ccmditions indicated in 
standard texts such as that indicated hminbefwe, or by a related procedure. The reaction 

25 conditions preferably being such that the hydroxy derivative is produced without xmwanted 
reactions at other sites within the starting or product compounds. For example, where the 
protecting group P^ is acetate, the transformation may conveniently be effected by treatment of 
the quinazoline derivative with a base as defined hereinbefore and including ammonia3 and its 
mono and di-alkylated derivatives^ preferably in the presence of a protic solvent or co-solvent 

30 sudk as water or an alcohol, for example methanol or elfaaiK>L Sudi a reaction can be eSTected 
in the presence of an additional inert solvent or diluent as defmed hereinbefore and at a 
temperature in the range 0 to SOX, convraioitly at about 20''C. 
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One compound of formula m may if desired be oonverted into another compound of 
formula in in which the moiety is different. Thus for example a ctMnpound of formula III 
in which is other than halogeno, for example optionally substituted phenoxy, may be 
converted to a compound of formula IH in which is haiogeno by hydrolysis of a compound 
S of formula in (in which is other than halogeno) to yield a compound of formula X as 
heranbefore d^ed, followed by introduction of halide to ifae compound of fonnula X, thus 
obtained as hereinbefore defmed, to yield a compound of fonnula III in which L' represents 
halogeno. 

0i) Compounds of the fimnula V as herdnbefore defined and salts tfa^eof may be made by 
10 deprotecdng the compound of fbtmuiaXVm: 



15 




(xvni) 



(wherein K\ ?\ and m are as hereinbefore defined) by a process for example as described in 
20 (i) above. 

Compounds of the fonnula XVDI and salts thereof may be made by reacting 
compounds of the formulae XVn and IV as hordnbefore defmed, under ihe conditions 
described in (a) hereinbefore, to gjve a compound of Ae fonnula XVm or sah thereof 

Qii) Compounds of the formula Vn and salts thereof as hereinbefore defined may be 
25 made by reactmg a compound ofthe formula XIX: 




30 

(XK) 
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(wherein V is as herdnb^re defined, and L' in the 4- and 7* positions may be the same or 
different) with a oompomid of fonnual IV as hereinbefoTe defined, the reaction for example 
being effected by a process as described in (a) above. 

(iv) A compound of the formula IX may be prepared by the reaction of a compoimd of 
5 the formula V as defined hereinbefore with a compound of the formula XX: 

R'-L^ (XX) 

wh^ein and are as defined hereinbefore under the conditions described in (b) 
10 hereinbefore to give a compound oftiie formula DC or sak thereof The leaction is prefaid)Iy 
effected in the presence of a base (as defmed hereinbefore in process (a)) and advantageously 
in the presence of an inert solvent or diluent (as defined hereinbefore in process (a)), 
advantageously at a temperature m the range, for example 10 to ISO'^C, conveniently in the 
range 20-50'*C. 

15 When a pharmaceutically acceptable salt of a compound of the formula I is required, it 

may be obtained, for example, by reaction of said compound with, for example, an add using a 
conventional procedure, the add having a pharmaceutically acceptable anion, or it may be 
obtained by reacttcm of said compound with a base by a conventional procedure. 

The identification of compounds which potmtiy inhibit the tyrosine kinase activity 

20 associated with the VEGF recqnors such as Fh and/or KDR and which inhibit autogenesis 
and/or increased vascular permeability is desirable and is the subject of the present invration. 
These properties may be assessed, for example, using one or more of the procedures set out 
below: 

25 (a) J/i Vitro Receptor Tvrosme Kinase Inh ibition Test 

This assay detennines the ability of a test compound to inhibit tyr^ 
DNA encoding VEGF or epidermal growth factor (EGF) receptor cytoplasmic domains may be 
obtained by total gene synthesis (Edwards M, International Biotechnology Lab 5(3), 19-25, 
1987) or by cloning. These may thra be expressed in a suitable expression system to obtain 

30 poljrpeptide with tyrosine kinase activity. For example VEGF and EGF recqjtor cytoplasmic 
domains, which were obtained by expression of recombinant protein in insect cdls, were found 
to display intrinsic tyrosine kinase activity. In the case of the VEGF receptor Fit (Gmbank 
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aocession number XS1602X a 1.7kb DNA firagmoit encoding most of die cytoplasmic domain, 
commencing ivith methionine 783 uid including the teimination codon, described by Shibuya 
et al (Oncogene, 1990, 5: 519-524), was isolated from cDNA and cloned into a baculovinis 
transplacement vector (for example pAcYMl (see The Baculovirus Expression System: A 
5 Laboratory Guide, L.A. King and R. D. Possee, Chqmian and Hall, 1992) or pAc360 or 
pBlueBacHis (available from Invitrogen Corporation)). This recombinant construct was co- 
transfected into insect cells (for example Spodoptera frugipmla 21(SCZ1)) with viial DNA (eg 
Pharmingen BaculoGold) to prepare recombinant baculovinis. (Detuls of the mediods for the 
assembly of recombinant DNA molecules and the preparation and use of recombinant 

10 baculovinis can be found in standard texts for example Sambrook et al, 1989, Molecular 
cloning - A Laboratory Manual, 2nd edition. Cold Spring Harbour Laboratory Press and 
O'Reilly et al, 1992, Baculovirus Expression Vectors - A Laboratory Manual, W. H. Freeman 
and Co, New York). For other tyrosine kinases for use in assays, cytoplasmic frag^nents 
Parting fiom methionine 806 Qa>R, Genbank accession number L04947) and methicmine 668 

15 (EGF receptor, Genbank accession number X00S88) may be cloned and expressed in a similar 
manner. 

For ex|mssion of cFlt tyrosine kinase activity, Sf21 cells were infected wHh plaque- 
pure cFlt reccmibinant virus at a multiplicity of infection of 3 and harverted 48 hours later. 
Harvested cells w&e washed with ice cold phosphate buflfmd saline solution (PBS) (lOmM 

20 sodium phosphate pH7.4, 138mM sodium chloride, 2.7mM potassmm chloride) then 

resuspended in ice cold HNTG/PMSF (20mM Hepes pH7.5, 150mM sodium chloride, 10% vA^ 
glycerol, 1% v/v Tritwi XlOO, 1.5mM magnesium chloride, ImM ethylene glycol- 
bisOaminoethyl ether) liliN'^N'-tetraacctic add (EGTA), ImM PMSF 
(pbrayhnethylsulphonyl fluoride); the PMSF is added just before use from a freshly-prepared 

25 lOQmM solution m methanol) using 1ml HNTG/PMSF per 10 million cells. The suspension 
was centrifuged for 10 minutes al 13,000 rpm at 4''C, the siqiemalant (nzyme stodk) was 
removed and stored in aliquots at -70X. Each new batch of stock enzyme was titrated in the 
assay by dilution with mzyme dihient (lOOmM Hepes pH 7.4, 0.2roM sodium orthovanadate, 
0. 1% v/v Triton XlOO, 0.2mM dithiothreitol). For a typical batch, stock eniyme is diluted 1 in 

30 2000 with enzyme diluent and 50^1 of dilute enzyme is used for eadi assay well. 
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A stock of substrate solution was prq)ared from a randcnn copolymer containing 
tyrosine^ for example Poly (Glu, Ala, Tyr) 6:3: 1 (Sigma P3899), stored as 1 mg/ml stock in 
PBS at and diluted 1 in 500 with PBS for plate coating. 

On the day before the assay 100)il of diluted substrate solution was dispensed into all 
S wells of assay plates (Nunc maxisoip 9&-well immunoplates) which were sealed and left 
overnight at 4X. 

On the day of the assay the substrate solution was discarded and the assay plate wells 
weie washed once with PBST (PBS ccmtaining 0.05% v/v Tween 20) and once with 5QmM 
Hepes pH7.4. 

10 Test compounds were diluted with 10% dimethylsulphoxide (DMSO) and 25^1 of 

diluted compound was transferred to wells in tiie washed assay plates. "Total" control wells 
contained 10% DMSO instead of compound. Twenty five microlitres of 40mM 
manganese(II)chloride containing 8|iM admo5ine-5'-tripho5idiate (ATP) was added to all test 
wdls except '1>lank" control wells wluch contcuned nianganese(n)chloride without ATP. To 

15 start the reacticMis S0^1 of freshly diluted enzyme was added to each well and the plates were 
incubated at room tempmture for 20 minutes. The liquid was then discarded and die wells 
were wadied twice vnQx FBST. One hundred micnrolitres of mouse IgG anti^hosphotyrosine 
antibody (Upstate Biotechnology Inc. product 05-321), chluted 1 in 6000 with PBST containing 
0.5% w/v bovine smun albumin (BSA), was added to each well and the plates were incubated 

20 for 1 hour at room temperature before discarding the liquid and washing the wells twice with 
PBST. One hundred microlitres of horse radish peroxidase (EIRP)-linked sheep anti-mouse Ig 
antibody (Amensham product NXA 931), dihited 1 in 500 with PBST containing 0.5% w/v 
BSA, was added and the plates were incubated for 1 hour at room temperature before 
discardmg the liquid and washing die wells twice with PBST. One hundred mioolitres of 2^'- 

25 azino-bis(3-elhylbenzdiiazoline-6-$u}phonic acid) (ABTS) solution, ireshly prq>ared using one 
5Qmg ABTS tablet (Boehiinger 1204 521) in SOml fi:eshly prepared 5CNnM phosfriiate-Gitiate 
buffer pH5<0 + 0.03% sodium perborate (made with 1 phosphate citrate buffer with sodium 
perborate ^SB) capsule (Sigma P4922) per 100ml distilled water), was added to each well. 
Plates w^e then incubated for 20-60 minutes at room temp^ature until the optical density 

30 value of the "total" control wells, measured at 40Snm using a plate reading spectrophotometer, 
was approximately 1.0, "Blank" (no ATP) and '*total" (no compound) control values were used 
to determine the dilution range of test compound which gave 50% inhibtion of enzyme acti\dty. 
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ft> In Vitro HUVEC Pioliferation Assay 

This assay determines the ability of a test compound to inhibit the growth factor- 
stimulated proliferation of human umbilical vein endothelial cells (HUVEC). 

HUVEC cells were isolated in MCDB 131 (Gibco BRL) -f 7.5% v/v foetal calf semm 
S (FCS) and wo-e plated out (at passage 2 to S), in MCDB 131 + 2% v/v FCS + 3^g/ml heparin 
+ l|ig/ml hydiOGortisone, at a concentradon of 1000 cells/well in 96 well plates. After a 
minimum of 4 hours fhey were dosed with the qipropriate gmwtfa factor (i.e. VEGF 3ngftnl, 
EGFSngAnlOTb-FGFO.SngAnl) and compound. Thecultures wore Acainicub8tedfor4days 
at 3TC with 7,5% caibon dioxide. On day 4 the cultures were pulsed with l^Ci/well of 

10 tritiated-^ymidine (Amersham product TRA 61) and incubated fb^ The cells were 

harvested using a 96-well plate harvester (Tomtek) and then assayed for incorporation of 
tritium wi& a Beta plate counter. Incorporation of radioactivity into cells, pressed as cpm, 
was used to measure inhibition of growth factor-stimulated cell proliferation by compounds. 
(c) In Vivo Solid Tumour Disease Modd 

IS This test measure the capacity of compounds to inhibit solid tumour growth. 

CaLii-6 tumour xenografts weie established in the flank of female athymic Swiss 
vai/nu mice, by subcutaneous injecdon of 1x10^ CaLu-6 cells/mouse in lOOfil of a 50% (v/v) 
solution of Matrigel in smmi fiw culture medium. Tm days aft^ cellular implant, mice 
were allocated to groups of 8-10, so as to achieve comparable group mean volumes. 

20 Tumours were measured using vernier calipers and volimies were calculated as: (1 x w) x >/(! 
X w) X (7i/6) , where 1 is the longest diameter and w the diameter perpendicular to the longest 
diameter. Test compounds were administered orally once daily for a tnintm^iwi of 21 days, 
and control animals received compound diluent Tumours were measured twice weekly, The 
level of growth inhibition was calculated by comparison of the mean tumour volume of tiie 

25 control group versus the treatment group, and statistical significance determined using a 
Students' t-test and/w a Mann-Whitney Rank Sum Test The inhibitory efifect of ccmipound 
treatment was considmd significant when p<0.05. 

The toxicological profile of compounds of tiie present invention may be assessed, for 
example using a rat 14 day study as described h^-einafter. 
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(d) 14 Day Toxicity Test in Rat 

This test measures the activity of compounds in increasing the zone of hypertrophy in 
the femoral q>iphyseal growtti plates of the distal femur and proximal tibia, and allows 
assessment of histopathological changes in other tissues. 
5 Angiogenesis is an essential event in endochondral ossification during long bone 

elongation, and vascular invasion of the giowth plate has bem suggested to dqprad upon 
VEGF production by hypertrophic diondrocytes. Expansion of the hypertrophic chondrocyte 
zone and inhibition of angiogenesis has been dononstrated following treatmrat with agents 
which specifically sequester VEGF, such as, for example, (i) a soluble VEGF receptor 

10 diimeric protrin (Flt-(l-3>IgG) in mice (Geiber, H-P., Vu, T,H., Ryan, A.M., Kowalski, J., 
Werb, Z. and Ferrara, N. VEGF couples hypertrophic cartilage remodelling, ossification and 
angiogenesis during endochondral bone formation, Nature Med., 5: 623-628, 1999) and (ii) a 
recombinant humanised anti**VEGF monoclonal IgGl antibody in cynomologus monkey 
(Ryan, AAt, Epplcr, DB., Hagier, K.E., Bruncr, KR, Thomford, P J., Hail, R.L., Shopp, 

IS G.\L and Olfiell, C.A. Predinical Safety Evaluation of ihuMAbVEGF, an antiangiograic 
humanised monoclonal antibocfy, Tox, Path., 27: 78-86, 1999). 

An inhibitor of VEGF receptor tyrosine kinase activity should tfaerefwe also inhibit 
vasoilar invasion of cartilage, and increase Ifae zone of hypertrophy in the femoral epiphyseal 
growth plates of the distal femur and proximal tibia in growing animals. 

20 G>mpounds were initially formulated by suspension m a 1% (v/v) solution of 

polyoxyethylene (20) soibitan mono-oleate in deionised water, by ball-milling at 4''C 
overnight (at least IS hours). Compounds were re-suspended by agitation immediately (uior 
to dosing. Young Alderley Park rats (Wistar derived, 13S-lS0g in weight, 4 to 8 weeks of 
age, S-6 per grmip) were dosed once*daily by oral gavage for 14 consecutive days whh 

25 compound (at 0^5 ml/lOOg body weigjht) or vdiicle. On day 15 animals were himianely 
terminated using a rising ccmcentradon of carbon dioxide, and a post-mortem performed. A 
range of tissues, whidi included fancnro-tibial joints, were collected and processed by 
standard histological techniques to produce paraffin wax sections. Histological sections were 
stained with haematoxylin and eosin and examined by light microscopy for histopathology. 

30 The femoral epiphyseal growth piate areas of the distal femur and proximal tibia were 
measured in sections of femur and tibia using morphometric image analysis. The increase in 
the zone of hypertrophy was determined by comparison of the mean epiphyseal growth plate 



WOOmidSl PCT/GBOO/04181 

-24- 

area of the oontroi group versus the treatmeat group, and statistical sigaificance determined 
using a one-tailed Students' t-test. The inhibitory effect of compound tieatmCTt was 
considered significant when p<0.05. 

Although the pharmacological properties of the compounds of Formula I vary with 
5 structural dhanget, in general, activity possessed by compounds of the Formula I, may be 
denronstrated at the following concentrations or doses in one or more of the above tests (a^ 
(b),(c)and(d): 

Test (a):- IC50 in the ran^, for example, < SpM; 

Test (b):- IC50 in the range, for example, 0.001 - SpM; 
10 Test (c)> activity in the range, for example, 0. 1-lOOmg/kg; 

Test (d)> activity in the range, for example, 0. 1-l OOmg^. 

According to one aspect of the present invention compounds of Formula I, assessed in 
the 14 day toxicity test in rat, have a beneficial toxicological profile over other compounds 
within ihe scope of International Patent Application Publication No. WO 98/13354. 
IS According to anodic aspect of the pres«t invention compounds of Formula I, 

assessed in the 14 day toxicity test in rat, have a beneficial toxicolo^cal profile ov^ cAssl 
compounds mthin the scope of Intematioiud Patent ^iplication Publication No, WO 
97/30035. 

Although the pharmacological properties of the compounds of Formula I vary with 
20 structural change and between species, at doses in the rat, preferably at doses less than or 
equal to 150mg/kg, more preferably at doses less tiian or equal to lOOmg/kg, especially at 
doses less than or equal to SOm^kg, compounds of Formula I which produce a statistically 
significant inoease in the femoral qnphyseal growth plate area of the distal fmiur and/or 
proximal tibia, produce no unacceptable tustopaiholpgical changes in otfier tissues in tests (d) 
25 that we have conducted. 

Thus by way of example, die compound 4-(4-bromo-2-fluoroaniliiio)-6-medioxy-7- 
(l-methylpiperidin-4-ylmethoxy)quinazoline, (Example 2), tested according to (a), (b), (c) 
and (d) above gave the following results: 

(a) Flt-ICsoOf L6fiM 
30 KDR-IC5oOfO,04MM 

EGFR-ICsoOfO.StiM 

(b) VEGF . IC30 of 0.06mM 
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EGF.IC50OfO.i7nM 
Basal -IC50 of >3|jM 

(c) 78% inhibition of tumour growth at 50mg^ pO.OOl (Mami-Whitney Rank Sum 
Test); 

S (d) 75% increase in epiphyseal growth plate hypertrophy at lOQmg/kg/day in female rats; 
p<0.001 (one-tailed Students' t-test). 

According to a fiirtfa^ aspwX of tiie invention there is provided a pharmaceutical 
composition \^ch comprises a compound of die formula I as defined hereinbefore or a 
pharmac^ically acceptable salt th^ieof, in association with a pharmaceutically acceptable 

10 exdpient or carrier. 

The composition may be in a form suitable for oral administration, (for example as 
tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions, dispetsible 
powdm or granules, synips or elixiisX for administration by inhalation (for example as a 
finely divided powder or a liquid aerosol), for administration by insufflation (for example as a 

IS findy divided powder), foi* parmteral injection (for example as a sterile solution, suspension or 
emulsion for intravenous, subcutaneous, intramuscular, mtravascular or infusion dosing), for 
topical administration (for example as creams, ointments, gels, or aqueous or oily solutions or 
suspensions), or for rectal administiation (for example as a su|qx)sitOTy). In general the above 
compositions may be prepared in a conventional manner using conventional excipients. 

20 The compositions of the present invention are advantageously presented in unit dosage 

form. The compound will normally be administered to a warm-blooded animal at a unit dose 
within the range 5-SOOQmg per square metre body area of the animal, i.e. appfoximatdy 
0.1-1 OOmg/kg. A unit dose in the range, for example, 1-lOOmg/kg, preferably l-SQing/kg is 
Givisi^ed and this normally provides a therapeutically-^ective dose. A unit dose form sudi 

25 as a tablet or capsule will usually contain, for example l-2SQmg of active ingredient 

According to a further aspect of the present invention tiiere is provided a compound of 
the formula I or a pharmaceutically acceptable salt thereof as defined hereinbefore for use in a 
method of treatment of the human or animal body by therq>y. 

We have found that compounds of the present invention inhibit VEGF receptor tyrosine 

30 kinase activity and are therefore of interest for their antiangiogenic effects and/or their ability 
to cause a reduction in vascular permeability. 
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A furtber feature of the present invention is a compound of formula I, or a 
pharmaceutically accq>table salt them)f, for use as a medicament, oonvenienfly a compound 
of formula I, or a phaimacaitically acceptable salt thereof, for use as a medicam»t for 
producing an antiangiog^ic and/or vascular permeability reducing effect in a warm-blooded 
S animal sudi as a human being. 

Thus according to a finlfaer aspect of the invention there is provided tiie use of a 
compound of the formula I, or a pbarmaceutically aocqrtable salt thereof in the manufacture of 
a medicament for use in the production of an antiangiogenic andAn- vascular permeability 
reducing effect in a warm-blooded animal such as a human bdng. 
10 According to a further feature of the invention there is provided a method for producing 

an antiangiog»ic and/or vascular permeability reducing effect in a warm-blooded animal, such 
as a human being, in need of sudi treatmrat vriiidi comprises administmng to said animal an 
effective amount of a compound of formula I or a pbarmaceutically acceptable sah thereof as 
defined heranbefore. 

IS As stated above the size crf'the dose required fw the tfaerq)eutic or prophylactic 

treatment of a particular disease state will necessarily be varied depending on ifae host Seated, 
tiie route of administration and the severity of the illness being treated. Preferably a daily dose 
in the rai^e of l-50mg/kg is employed. However the daily dose will necessarily be varied 
depending upon the host treated, the particular mute of administration, and the severity of tiie 

20 illness being treated. Accordingly the optimum dosage may be detennined by the practitioner 
who is treating any particular patient. 

The antiangjogmc and/or vascular penneability redudng treatment defined 
hereinbefore may be applied as a sole thenqpy or may mvoive, in addition to a compound of 
the invention, one or more other substances and/or tr e atments. Such omjoint treatment may 

25 be adiieved by way of the simultaneous, sequential or separate administration of the 

individual components of the treatment. In the field of medical oncology it is normal practice 
to use a combination of different forms of treatment to treat each patient with cancer. In 
medical oncology tiie other component(s) of such conjomt treatment in addition to the 
antiangiogenic and/or vascular permeability reducing treatment defined hereinbefore may be: 

30 suigery,radiodierq>y or chemotherapy. Such chemothenq)y may cov^ five main eateries 
of thenq)eutic agnt: 
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(i) oflier andangiogeciic agents that woik by different mechanisms from those defined 
hereinbefore (for example linomide, inhibitors of integrin avP3 function, angiostatin, 
endostatin, razoxin, thalidomide) and including vascular targeting agents (for example 
combretastatin phosphate and the vascular damaging agents described in Int^ational Patent 

5 Applicaticm Publication No. WO 99/02166 the entire disclosure of which document is 
incorporated heiein by reference, (for example N^acetylcoldiinol-O^hospihale)); 

(ii) cyto^atic agents sudi as antioesbogens (for example tamoxifen^tor^nifeae, 
raloxifene, droloxifene, iodoxyfene), progestogens (for example m^estrol acetate), 
aromatase inhibitors (for example anastn>zole» letrazole^ vorazole, exemestane), 

10 antiprogestog^, antiandrogens (for example flutamide, nUutamicfe, bicahitamide, 
cyproterone acetate), LHRH agonists and antagonists (for example goserelin acetate, 
lupnolide, abareUx), inhibitors of testosterone Sa-Klihydroreductase (for example finasteride), 
anti-invasion agents (for example metaUoproteinase inhibitors like marimastat and inhibitors 
of urokinase plasmin<^» acdvator receptor function) and inhibitors of growth factor 

IS function, (such growA factors include for ^cample platelet derived growth facto and 
hepatocyte growth fiictor such inhibitors indude growth factor antibodies, growdi factor 
recq)tor antibocfies, tyrosine kinase inhftitors and serinefthreonine kinase inhibitors); 

(iii) biological response modifira (for example intBrfieron); 

(iv) antibodies (for example edrecolomab); and 

20 (v) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical 

oncology, sudi as antimetabolites (for example antifolates like methotrexate, 
fhKmqyyrimidines like S-fluorouracil, purine and adenosine analogues, cytosine aiabinoside); 
antitumour antibiotics (for example anthracydines like doxonibidn, daunomydn, epinibicin 
and idanibidn, mitomydn-C, dacdnomycin, mithramydn); platinum derivatives (for example 

25 dsplatm, caiboplatin); all^lating agents (for example nittpgen mustard, meiphalan, 

dilorambudl, busulphan, cyclc^hosidiamide, ifosfamide, nitrosoureas, tiiiotepa); antimitotic 
agents (for example vinca alkaloids like vincristine and taxoids like taxol, taxotm); oizymes 
(for example asparaginase); thymidylate synthase inhibitors (for example raltitrexed); 
topoisomerase inhibitors (for example q>ipodophyllotoxin5 like etoposide and teniposide, 

30 amsacrine, topotecan, irinotecan). 

For example such conjoint treatment may be achieved by way of the simultaneous, 
sequential or separate administration of a compound of formula I as defined hereinbefore 
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such as 4-(4-bromo-2-fluoroaniUno)-6-methoxy-7-(l-methylpiperi^ 
yimethoxy)quinazolme or a salt tfa^:eof especially a hydrochloride salt thereof, and a vascular 
targeting agent described in WO 99/02166 such as N-acetylcoldiinol-O-phosphate (Exampe 1 
of WO 99/02166). 

S As stated above the compounds defined in the present invention are of interest for 

their antiangiogaiic and/or vascdarpermet^ilttyredudng^^ Such compounds of the 
invention are expected to be useful in a wide range of disease states including cancer, 
diabetes* psoriasis, rheumatoid arthritis, Kiq)osi's sarcoma^ haemangioroa, acute and chronic 
nephropathies, atheroma, arterial restenosis, autoinmiune diseases, acute inflammation, 

10 excessive scar formation and adhesions, endometriosis, dysfunctional uterine bleedmg and 
ocular diseases with retinal vessel proliferation. In particular such compounds of the 
invention are expected to slow advantageously the growth of primary and recurrmt solid 
tumours of, for example, die colon, breast, prostata lungs and skin. More paiticulariy sudi 
oompoimds of flie inventicm are expected to inhibit tiie giowfli of those primary and recuneot 

15 solid tumours whidi are associated with VECaPespeciaUy those tumours wlud 

significantly depmdent on VEGF for their growth and spread, induduig for example, c^tain 
tumours of the colon, breast, prostate, lung, vulva and skm. 

In anotho' aspect of the preset invention compounds of Formula I are expected to 
inhibit the growth of those primary and lecurr^t solid tumours which are associated with 

20 EGF especially those tumours which are significantly dependent on £GF for their growth and 
spread. 

In another aspect of the present invmtion compounds c^Fcmnula I are expected to 
inhibit the growth of those primary and recurrent solid tumours which are associated witfi 
both VEGF and EGF especially those tumours vMdk are significantly depttdent on VEGF 
25 and EGF for their growth and q)read. 

In addition to their use in therapeutic medicine, the compounds of formula I and tiieir 
phannaceutically acceptable salts are also useful as phannacological tools in the development 
and standardisation of iff vitro and in vivo test systems for the evaluation of the effects of 
inhibitors of VEGF receptor tyrosine kinase activity in laboratory animals such as cats, dogs, 
30 rabbits, monkeys, rats and mice, as part of the search for new tiierapwtic agents. 

It is to be tmderstood that where the term "ethei^' is used anywhere in this specification 
it refers to diethyl ether. 
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The invention will now be illustrated, but not limited, by the following Example in 
which, unless otherwise stated:- 

0) eviQ)orations were carried out by rotary eviyxiration ia vacuo and work-up 
procedures were carried out after removal of residual solids sudi as drying agents by filtration; 
5 (ii) operations were carried out at ambient temperature, that is in Ae range 1 8-2S^C 

and under an atnios[Aere of an inert gas such as argon; 

Qii) column chromalpgraphy (by fhe flash procedure) and medium pressure liquid 
chromatogr^hy (MPLC) were performed on Merck Kieselgel silica (Art. 9385) or Merck 
Lichroprep RP-18 (Art. 9303) reverscd-phase silica obtained from E. Merck, Darmstadt, 
10 Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum 
attainable; 

(v) mdttng points are uncorrected and wm detmnined using a Mettier SP62 
automatic mdti^g pckA apparabis, an oil-badi apparatus or a Kofflor hot plate a^iaratus. 

IS (vi) the structures of tiie end-products of the formula I were ccmfinned by nuclear 

(generally proton) magqetic resonance (NMR) and mass spectral tedmiques; i»oton magnetic 
resonance chemical shifk values were measured on the deha scale and peak multiplidties are 
shown as follows: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet; NMR 
spectra were run on a 400MHz machine at 24''C 

20 (vii) intermediates were not generally fully characterised and purity was assessed by 

thin lay^ chromatognq^hy (TLC), high-performance liquid chromatography (flPLC), infra-red 
(IR) or NMR aiudysis; 

(viii) the following abbreviations have been used> 

25 DMF HJi-^limeOiylfoimamide 

DMSO dimethylsulphoxide 
THF tetrahydrofuran 
TFA trifluoroacetic acid 
NMP l-methyl-2-pynolidinoneJ 
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Emmple 1 

TFA (3inl) was added to a suspensioB of 4-(4-brOTno-2-fluoroamlino)-7-(l-{teft- 
butoxycarbonyI)piperidin-4-ylmethoxy)-6-inethoxyquma2olm^ (673mg, 1.2mmol) in 
methylene chloride (10ml). After stiiring for 1 hour at ambient temp^ature, the volatile^ 
S were removed under vacuum. Theresidue was triturated with a mixture of water/ether. The 
organic layer was sqparated The aqueous lay^ was washed again with edier. The aqueous 
layer was adjusted to pHlO with 2N aqueous sodium hydroxide. The aqueous layer was 
extracted with m^ylme diloride. The organic lay^ was dried (MgSO^) and the solvent was 
removed under vacuum. The solid was triturated with a mixture ether/petroleum ether (1/1), 
10 filtered, washed with ether and dried under vacuum to give 4-(4-bromo-2-fluoroaiiiIino)-6- 
methoxy-7-(piperidin-4-ylmethaxy)quuiazoiifle (390mg, 70.5%). 
MS -ESI: 461*463 [MH]^ 

'HNNfR Specbum: (DMSOd^) 1.13-lJ (m, 2H). 1.75 (d, 2H), 1.87^2.0 (m, IH), 2.5 (d. 2H), 
3.0 (d, 2H), 3.96 (s, 3H), 3.98 (d, 2H), 7.2 (s, IHX X5 (dd, IH), 7.55 (t, IH), 7.68 (dd, IH). 
15 7.80 (s, IH), 8.36 (s, IH), 9.55 (br s, IH) 

Elemental analysis: Found C 54.5 H 4.9 N 12.1 

C21H22N4O2B1F Requires C 54.7 H 4.8 N 12.1% 

The starting material was prepared as follows: 
20 A solution of 7-benzyloxy-4-chlon>-6-methoxyquinazoiin6 hydrochloride (8.35g, 

27.8mmol), (prepared, for example, as described in WO 97/22596, Example I), and 4-biXMno- 

2-fhjoroaniline (5.65g, 29.7mmol) in 2^panol (20Qml) was heated at i^ux fcH* 4 hours. 

The resulting precipitate was collected by fihnition, washed with 2-pTopanol and Hiea etfaa* 

and dried under vacuum to give 7-benzyfoxy-4-(4-biomo-2-fluoroanilmo)-6- 
25 medioxyquinazoltne hydrodiloride (9.46g, 78%). 

*HNMR Spectrum: (DMSOd^; CD3COOD) 4,0(s, 3H); 5.37(s, 2H); 7.35-7.5(m, 4H); 7,52- 

7,62(m, 4H); 7.8(d, IH); 8.14(9s, IH); 8.79(s, IH) 

MS -ESI: 456 [MH]* 

Elemental analysis: Found C 54.0 H 3.7 N 8.7 

30 C22H„N302BrF 0,9HC1 Requires C 54.2 H 3.7 N 8.6% 

A solution of 7-benzyloxy-4-(4-bromo-2-fh]oroanilino)-6-methoxyquinazoline 
hydrochloride (9.4g, 19.1mmol) in TFA (90ml) was heated at reflux for 50 mmutes. The 
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mixture was allowed to cool and was poured on to ice. The resulting precipitate was 
collected by filtration and dissolved in metbianol (70inl). The solution was adjusted to pH9- 
10 with concentrated aqueous ammonia solution. The mixture was concentrated to half initial 
volume by evaporation. The resulting precipitate was collected by filtration, washed with 
5 water and then ether, and dried under vacuum to give 4-(4-bn>mo-2-fluoroanilino)-7- 
hydroxy-6-metfaoxyquina2oline (S.66g, 82%). 

NMR Spectrum: (DMSOde; CDjCOOD) 3.95(s, 3H); 7.09(s, IH); 7.48(s, IH); 7.54(t, 
IH); 7.64(d, IH); 7.79(s, IH); 8.31(s, IH) 
MS-ESI: 366 [MHT 

10 Elmiental analysis: Found C 49.S H 3.1 N 11.3 

CisHnNjOjBrF Requhro C 49,5 H 3.0 N 11.5% 

While maintaining the temperature in the range 0-5''C, a solution of di-rer/-butyl 
dicarbonate (41. 7g, 0.19mol) in ethyl acetate (7Sml) was added in portions to a solution of 
^yl 4-piperidinecafboxylate (30g, 0.19mol) in ediyl acetate (150ml) cooled at S^'C. After 

IS stilting for 48 hours at ambient temperature, the mixture was poured onto water (300ml). 
The organic layca: was separated, washed successively vnnii water (20Qml), O.IN aqueous 
hydrocfatcvic add (200mlX saturated sodhm faydiogen caibonate (200ml) and brine (200mlX 
dried (MgSOO and evqxirated to give ethyl 4-(Hrerr-butoxyca]bonyl)piperidine)caiboxylate 
(48g, 98%). 

20 *H NMR Spectrum: (CDCI3) 1.25(t, 3H); 1.45(s, 9H); l,55-lJ0(m, 2H); 1.8-2.0(d, 21^; 

2.35-2.5(m, IH); 2.7-2,95(t, 2H); 3.9-4.1(br s, 2H); 4.15 (q, 2H) 

A solution of IM lithium aluminium hydride in THF (133ml, 0. 133mol) was added m 

portions to a solution of etiiyl 4-(l-(/err-butQxyGaifaonyl)piperidine)carboxylate (48g, 

0.19mol) in dry THF (180ml) cooled at O^C. After stirring at O^'C for 2 houis. water (30mi) 
25 was added followed by 2N sodium hydroxide (IQml). The precipitate was rmoved by 

filtration through diatomaceous earth and washed wttfiediyl acetate. The filtrate was washed 

with water, brine^ dried (MgS04) and evaporated to g^ve H/er/-butoxycaibonyl)-4- 

hydroxymethylpiperidine (36.3g, 89%). 

MS (EI): 215 [M.]+ 

30 'HNMR Spectrum: (CDCI3) 1.05-1.2(m, 2H); 1.35-1.55(m, lOH); 1.6-1.8(m, 2H); 2.6-2.8(t, 
2H); 3.4-3.6(t, 2H); 4.0^^(br s, 2H) 
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l,4-I>iazabicyclo[2,Z2]octane (42.4g, 0378niol) was added to a solution of H^er/- 
butoxyca£ix)nyl)-4-hydioxymethylpiperidine (52.5g, 0.244mol) in tertAyvAyl methyl eflier 
(525ml). After stirring for 15 minutes at ambient temperature, the mixture was cooled to 5X 
and a solution of toluene sulphonyl chloride (62.8g, 0.33mmol) in (ert-h\xtyl methyl ether 
S (525tnl) was added in portions over 2 hours while maintaining tiietmperat^ After 
stiiTiDg for 1 hour at ambient temperature, petroleum eth^ (11) was added. The precipitate 
was rraioved by fihration. The filtrate was evaporated to give a solid. The solid was 
dissolved in ether and washed successively with 0.5N aqueous hydrochloric add (2x500mlX 
water, saturated sodium hydrogen carbonate and brine, dried (MgS04) and evaporated to give 
10 l-(/«rr-butoxycaibonyl)-4-(4-metbylphenylsulphonyIoxymethyl)piperi 85%). 
MS (ESI): 392 [MNa]^ 

'H NMR Spectrum: (CDCI3) L0-1.2(m, 2H); 1.45(s, 9H); L65(d, 2H); 1.75-L9(m, 2H); 
2,45(s, 3H)i 2.55.2.75(m, 2H); 3.85(d, IH); 4.0-4^rs, 2H); 7.35(d, 2H); 7.8(d, 2H) 

Potassium carbonate (414mg, 3mmol) was added to a suspension of 4-(4-bromo-2- 

15 fluon>anilino)-7-hydroxy-6-metfioxyquinazoline (546mg, l.Smmol) in DMF (5ml). Afiier 
stirring for 10 minutes at ambient tempmture, l-(l£rr-bufioxycarbonyl)-4-(4- 
methylphenylsulphonyloxymethyl)piperidiiie (63ftng, L72mmol) was added and the mixture 
was heated at 9SX for 2 hours. Aftw cooling, the mixture was poured onto cooled water 
(20ml). The precipitate was collected by filtration, washed with water, and dried under 

20 vacuum to give 4-(4-bK>mo-2-ftuoroanilino)-7-^l-(/e/f-butoxycarbonyl)pip^din'^ 
ybnethoxy)-6-medioxyquina2oline (665mg, 79%). 
MS -ESI: 561-563 {MH]^ 

'HNMR Speclnmi: (DMSOd^) 1.15-1.3 (m, 2H). 1.46 (s, 1.8 (d, 2HX 2.0-2.1 (m, IHX 
2.65-2.9 (m, 2H), 3.95 (s, 3H), 4.02 (br s. 2H), 4.05 (d, 2H), 7.2 (s, IH), 7.48 (d, IH), 7.55 (t. 
25 IH), 7.65 (d, IH), 7.8 (s, IH), 8.35 (s, IH), 9.55 (br s, IH) 

lExj|mp^2a 

A solution of 37% aqueous formalddiyde (SO^l, 0.6mmol) followed by sodium 
cyanoborohydride (23mg, 0,36mmol) wctc added to a solution of 4-(4-bromo-2- 
30 fluoroanilino)-6-methoxy-7-(piperidin-4-yhnethoxy)quinazoline (139mg, OJmmol), 

(prqjared as described in Example 1), m a mixture of THF/methanol (1 AmVl Ami). After ^ 
stirring for 1 hour at ambient temperature, water was added and the volatiles were removed 
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under vacuum. The residue was trituiated with water, filtcared, washed with water, and dried 
under vacuum. The solid was purified by chiomatogr^hy on nwtral alumina ehiting ^tii 
methylene chlc^de followed by methylene chloride/ethyl acetate (1/1) followed by methylene 
chloride/ethyl acetate/methanol (S0/4S/S). The fractions containing the expected product 
S were evaporated under vacuum. The resulting white solid was dissolved in methylene 
diloridfi/metfaanol (3ail/3ml) and 3N hydrogen chloride in ether (0.5ml) was added. The 
volatiles were removed under vacuum. The solid was trituiated with ether, filtered, washed 
liritfa ether and dried under vacuum to give 4-(4-brom(H 
methyl|riperidiii^ylmetlioxy)4iuiiazolinehydrochlorid 69%). 
10 MS -ESI: 475-477 [Mlir 

The MMR spectrum of Ae protonated form of 4-(4-bromo-2-fluoi0anilino)-6- 
mediQxy'7-(l-methylpiperidin-4-ylmethoxy)quina2oline hydrochloride shows the presence of 
2 forms A and B in a ratio A:B of approximately 9:1. 

>H NMR Spectrum: (DMSOd^; CFgCOOD) 1.55-1.7 (m. foim A 21^ ; 1.85-2.0 (m, form B 
15 4H) ; 2.03 (d, fcmn A 2H) ; 2.08-2.14 (br s, form A IH) ; 2.31-2.38 (br s. fonn B IH) ; 2.79 
(s, fonn A 3H) ; Z 82 (s, fonn B 3I<) ; 3 .03 (t. fom A 2H) ; 3 .21 (br s, form B 21^ 
s,fonnB2I^ ; 3.52 (d. fonn A2H) ; 4.02 (s, 3H) ; 4.12 (d, fonn A 2H) ; 4.30 (d, forniB 
2H) ; 7.41 (s, IH) ; 7.5-7.65 (m, 2H) ; 7.81 (d, IH) ; 8.20 (s, IH) ; 8.88 (s, IH) 
Elemental analysis: Found C 46.0 H 5^ N 9,6 

20 C22H24N4O2BrF0.3H2O2.65HCl Requires C 45.8 H 4.8 N 9.7% 

Example 2b 

37% Aqueous formaldehyde (3.Sml, 42mmol) was added to a solution of 4-(4-biomo- 
2-£luoioanilino)-7-(l-(/e/f-butoxycarix>nyl)piperidin-4-ylmethoxy)-6^ 

25 (3.49g, 6.22mmol), O^i^P^red as described for the starting material in Example 1), in formic 
add (3Sml). After heating at 95°C for 4 hours the volatiles were removed under vacumn. 
The residue was suspended in water and the mixture was adjusted to pHlO.5 by slow addition 
of a solution of 2NsodKim hydroxide. The suspension was extracted with ethyl acetate. The 
organic layer was washed with brine, dried MgS04 and evaporated to give 4-<4-br0mo-2- 

30 fluoroaniIiao)-6-methozy-7-(l-methylpiperidin-4-ylmetfaozy)qainazoUi^ (2.6lg, 88%). 
MS -ESI: 475-477 [MHl* 
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^HNMR Spectrum: (DMSOdJ 1.3-1.45 (m, ZH), 1.8 (d, 2H), 1.7-L9 (m, IH), 1.95 (t, 2H), 
2.2 (s, 3H), 2.85 (d, 2H), 3.96 (s, 3H), 4.05 (d, 2H), 7.19 (s, IH), 7.5 (d, IH), 7.55 (t, IH), 
7.67 (d, IH), 7.81 (s, IH), 8.37 (s, IH), 9.54 (s, IH) 
Elemental analysis: Found C 55.4 H 5.1 N 11.6 

5 CazHa^N^OaBrF Requires C 55.6 H 5.1 N 11.8% 

EMmpic 2c 

A suspension of 4-chloiX)-6-mediQxy-7-(lHn^ylpiperidin-4-ylm^ 
(20Qmg, 0.62niaiol) and 4-brDmo-2-fluoioaniline (142mg, 0.74imnol) in isopropanol (3ml) 

10 containing 6N hydrogen chloride in isopropanol (1 lOfil, 0.68ml) was h^ted at rrflux for 1 .5 
hours. After cooling, the precipitate was collected by filtration, washed with isopropanol 
followed by ether and dried under vacuum to give 4*(4*bromo-2-fluoroaiiilino)-6-nietliozy- 
7-(l-inethylpiperidiii-4-ylmethozy)qii]nazoline hydrochloride (304mg, 90%). 
Elemental analysis: Found C 47.9 H 4.9 N 10.0 

15 C2jEIj^4O2BrF0-5HtO1.8HCl Requires C 48.2 H 5.0 N 10.1% 
0.08 isopropanol 

The NMR spectrum of the protonated form of 4-(4-bionio-2-fluoroanil]no)-6- 
metfaoxy-7-(l-methylpiperidin-4-^ethoxy)quina2oIine hydrochloride shows the presrace of 
two forms A and B in aratio A:B of q>proximately 9:1. 

20 ^HNMR Spectrum: (DMSOd<j) 1.6-1.78 (m, form A 2H); 1.8M.93 (br s, form B 4H); 1,94- 
2.07 (d, form A 2H); 2.08-2.23 (br s, form A IH); 2.29-2.37 (br s, fonn B IH); 2.73 (d, form 
A 3H); 2.77 (d, form B 3H); 2.93^3.10 (q, form A 2H); 3.21 (br s, form B 2H); 3.27 (br s, 
form B 2H); 3.42^3.48 (d, form A 2H); 4.04 (s, 3H); 4.10 (d, form A 2H); 4.29 (d, fonn B 
2H); 7.49 (s, IH) ; 7.53-7.61 (m. 2H); 7.78 (d, IH); 8.47 (s, IH); 8.81 (s, IH); 10.48 (br s, 

25 form A IH); 10.79 (brs, form BIH); 11.90 (brs.lH) 

For anotfa^NMR reading, some solid potasshmi carbonate was added into the DMSO 
sohition of the 4-(4-bibmo-2-fluonNuiilino)-6-m^oxy-7-(l-m^ylpiperidin-4- 
ylmethoxy)quinazoline hydrochloride described above, in order to release the free base in tiie 
NMR tube. The NMR spectrum was then recorded again and showed only one form as 

30 described below: 
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'H NMR Spectrum: (DMSOd^; soUd potassium cartxmate) L3-1.45 (m, 2H) ; 1.75 (d, 2H) ; 
L7-1.9(m, IH) ; 1.89 (t, 2H) ; 2.18 (s, 3H) ; 2.8 (d, 2H) ; 3.98 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (s, 
IH) ; 7.48 (d, IH) ; 7.55 (t, IH) ; 7.68 (d, IH) ; 7.8 (s, IH) ; 8.35 (s, IH) ; 9.75 (s, IH) 
A sample of 4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(l-methylpip^din-4- 
5 ylmetilioxy)quiiiazoline (free base) was geoCTated from the 4-(4-bromo-2-fluoioamImo)-6- 
medioxy-7-(l-methylpiperidiii^ylmrthoxy)qumazoli^^ hydcocUoride, (prepared as 
described above), as follows: 

4-(4-Bromo-2-fIuoioaniliDo>^metlioxy-7-(l-metbylpipmdiQ-^ 
yfanefhoxyquinazoline hydrochloricte (5Qmg) was suspmded tn mediylene chloride (2ml) and 
10 was washed with saturated sodium hydrogen carbonate. The methylene cMoride solution was 
dried (MgSOJ and the volatiles were removed by evaporation to give 4-(4-bromo-2- 
fluoroanilino)-6-methoxy-7-(l-methylpipOTdin-4-ylmethoxy)quraazoIine (free base). The 
NMR of the free base so generated shows only one form as described below: 
'H NMR Spectrum: (DMSOd^) 1.3-1.45 (m, 2H) ; 1.76 (d, 2H) ; I.7-l,9(m, IH) ; 1,9 (t, 2H) ; 
15 2.19 (5. 3H) ; 2.8 (d, 2H) ; 3,95 (s, 3H) ; 4.02 (d, 2H) ; 7.2 (s, IH) ; 7.48 (d, IH) ; 7.55 (t, IH) 
; 7.68 (dd, IH) ; 7.8 (s. IH) ; 8.38 (s, IH) ; 9.55(br s, IH) 

For another NMR readiqg^ some CF^COOD was added into the NMR DMSO solution 
of the 4<44>romo-2-£hioroanilino>6-methoxy-7-(l^ethyl^^ 

yfan^boxy)quinazoline (free base) described above and the NMR spectnmi was recorded 
20 again. The spectrum of the prolonatedfontn of the 4-(4-bromo-2-fluoroanilino)-6-methoxy- 

7-(l-mefliylpiperidin-4-yhnethoxy)quinazoitne trifluoroacetate salt so obtained shows the 

presence of two forms A and B in a ratio A:B of approximately 9:1. 

'H NMR Spectrum: (DMSOd^; CF3COOD) 1.5-1.7 (m, form A 2H); 1.93 (br s, form B 4H); 

2.0-2. 1 (d, form A 2H); 2.17 (br s, form A IH); 2.35 (br s, fonn BIH); 2.71 (s, form A 3H); 
25 2.73 (s, form B 3H); 2.97-3.09 (t, form A TH); 3.23 (br s, form B 2H); 3.34 (br s, fonn B 

2H); 3.47-3.57 (d, form A 2H); 4,02 (s, 3H); 4. 1 5 (d, form A 2H); 4.30 (d. form B 2H); 7.2 

(s, IH); 7.3^7.5 (m, 2H); 7.6 (d, IH); 7.9 (s, IH); 8.7 (s, IH) 

The starting material was prepared as follows: 
30 Hrerr-Butoxycaibonyl>4-(4-methylphenylsulphonyIoxymethyl)piperidi^^ (40g, 

0.1 Imol), (prepared as described for the starting material in Example 1), was added to a 
suspension of ethyl 4-hydroxy-3-metfaoxyben2X>ate (I9.6g, O.lmol) and potassium carbonate 
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(28a 0.2mol) in dry DMF (200ml). Afker stirring at 95°C for 2.5 hours, the mixture was 
cooled to ambient temperature and partitioned between water and ethyl acetate/etiier. The 
organic layer was washed with water, brine, dried (MgS04) and evaporated. The resulting oil 
was crystallised from petroleum ether and the suspension was stored overnight at S^'C. The 
S solid was collected by filtration, washed with petroleum ether and dried under vacuum to ^e 
ethyl 4-(l-</e/t-butoxycaibonyl)piperidi]t4-ylmetiioxy>3-methoxybe^ (35g, 89%). 
m.p. 81-83X 
MS(ESI):416[MNar 

NMR Spectrum: (CDCy 1.2-L35(m, 2H); l,4(t, 3H); 1.48(s, 9H); 1 .8-1 .9(d, 2H); ZO- 
IC 2.15(m, 2H); 2 J5(t, 2H); 3.9(d, ZH); 3.95(s, 3H); 4.05^^5(br s, 2H); 4,35(q, 2H); 6.85(d, 
IH); 7.55(s, IH); 7.65(d, IH) 

Elemental analysis: Found C 63.4 H 8.0 N 3.5 

C2iH3,NO5 0.3H2O Requires C 632 H 8.0 N 3.5% 

Formaldehyde (12M, 37% in water, 35ml, 42Qnunol) was added to a solution of ediyi 

15 4«(Hl^/'4iutoxycaibODyl)piperidin-4-y]m^hoxy)-3-me (35g, 89mnx)l) in 

formic add (35ml). After stirring at 95^C for 3 hours, the volatiles were removed by 
evaporation. The residue was dissolved in methylene chloride and 3M hydrogen ddoride in 
ether (40ml, 120nmiol) was added. After dilution with ether, the mbcture was triturated until 
a solid was formed. The solid was collected by filtration, washed with ether and dried under 

20 vacuum overnight at 50X to give ethyl 3-methoxy-4'-(l-mefliylpiperidm-4- 
ylmethoxy)b^32oate (30.6g, quant). 
MS (ESI): 308 (MHT 

NMR Spectrum: (pMSOde) l.29(t, 3H); L5-1.7(m, 2H); 1.95(d,2H); 2.0-2,15(brs. 11^1; 
2.72(s, 3H); 2.9-3.1(m, 2H); 3.35-3.5(br s, 2H); 3.85(s, 3H); 3.9-4.05(br s, 2H); 4.3(q, 2H); 

25 7.1(d, IH); 7.48(s, IH); 7.6(d, IH) 

A sohition of ethyl 3Hnethoxy-4-(l-metiiylpiperidin-4-ylmethoxy)ben2oate (30.6g, 
89mmol) in metiiylrae diloride (75ml) was cooled to 0-5X. TFA (37.Sml) was added 
followed by the dropwise addition over 15 minutes of a solution of filming 24N nitric acid 
(7.42ml, 178mmol) in methylene chloride (1 5ml). After completion of the addition, the 

30 solution was allowed to warm up and stirred at ambient temperature for 2 houis. The 
volatiles were removed under vacuum and the residue was dissolved in methylene chloride 
(50ml). The solution was cooled to 0-'5^C and ether was added. The precipitate was 
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collected by filtration^ and dried under vacuum at SO^C. The solid was dissolved in 
mediyl^Qe chloride (SOOml) and 3M hydrogen diloride in ether (3Qml) was added followed 
by ether (SOOml). The solid was collected by filtration and dried under vacuum at SO'^'C to 
give ethyl 3-metfaoxy-4-(l-methylpiperidin-4-ylmethoxy)-6-nitroben2oate (28.4g, 82%). 
5 MS(ESI):353IMH]' 

'HNMR Spectnim: (DMSOd^) 1.3(t, 31^; 1.45-L65(m, 21^; 1.75-2.1(m, 3H); 2.75(s, 3H); 
2.9-3,05(m, 2H); 3.4-3.5(d, 2H); 3.95(s, 3H); 4.05(d, 2H); 4.3(q, 2H); 7.32(s, IH); 7.66(s, 
IH) 

A suspension of ethyl 3-medioxy-4-(l-methy]piperidin^-ylmetfaoxy)*6-fiitrobenzDate 
10 (3.89g, lOmmoI) in methanol (SOml) containing 10% platinum on activated caibon (50% wet) 
(389mg) was hydtx>g^iated at 1.8 atmospheres pressure until uptake of hydrogen ceased. The 
mixture was filtered and the filtrate was evaporated. The residue vm dissolved in water 
(3Qml) and adjusted to pHlO with a saturated solution of sodium hydrogen carbonate. The 
mixture was diluted willi etfa^ acetate/etfier (1/1) and the o^anic layer was separated. The 
IS aqueous layer was furtlw extracted with ethyl acetate/ether and the organic layers woe 
omibined. The organic layers were washed with water, brine, dried (MgSO^^ filtered and 
evaporated. The resulting solid was triturated in a mixture of eifaer/peixoleum ether, filtered, 
washed with petroleum edier and dried under vacuum at 60X to give ethyl 6-amino-3- 
metfaoxy-4-(l-metiiylpiperidin-4-yImethoxy)benzoate (2.S8g, 80%). 
20 m.p. 111-112^C 
MS (ESI): 323 fMH]^ 

'HNMR Spectrum: (CDCI3) 1.35(t, 3H); 1.4-1.5(m, 2H); 1.85(m, 3H); 1.95(t, 2H); 2.29(s, 
3H); 2.9(d, 2H); 3.8(8, 3H); 3.85(d, ZH); 4.3(q, 2H); 5.55(br s, 2H); 6.13(s, IH); 7.33(s, IH) 
Etraiental analysis: Found C 62.8 H 8.5 N 8.3 

25 Ci7Ha^204 O.2H2O Requires C 62.6 H 8.2 N 8.6% 

A solution of ethyl 6^amino-3Hnethoxy-4-<l-mediytpiperidin-4-yhnethoxy^^ 
(16.1g; SOnunol) in 2-medioxyethenol (160ml) contammg formamidine acetate (S.2g, 
50mmol) was heated at 1 IS^C for 2 hows. Formamidine acetate (10.4g, lOOmmol) was 
added in portions every 30 minutes over 4 hours. Heating was prolonged for 30 minutes after 

30 the last addition. After cooling, the volatiies were removed under vacuum. The solid was 
dissolved in ethanol (100ml) and methylene chloride (50ml). The precipitate was removed by 
filtration and the filtrate was concentrated to a final volume of 100ml. The suspension was 



wo 01/32651 



-3S- 



PCT/GB0i/D4181 



cooled to S^C and the solid was collected by filtration, wa^ed with cold elhanol followed by 
ether and dried under vaoitim overnight at 60X to give 6-methox7'7-(l-methylpiperidtn^ 
ylmethoxy)-3,4-dihydroquinazolin-4-one (12. 7g, 70%). 
MS (ESI): 304 [MH]* 

5 'HNMRSpectnim: (DMSOd^^ 1.25- L4(m, 2H); 1.75(d, 2H); 1.9(t, IH); l,9(s, 3H); 2.16(s, 
2H); 2.8(d, 2H); 3.9(s, 3H); 4.0(d, 211); 7.11(s, IH); 7.44(s, IH); 7.97(s, IH) 

A solution of 6»methoxy-7-^I-methylpiperidin-4-ylmethoxy)-3,4-dihydix^ 
4-one (2.8g, 9.24mmol) in thionyl chloride (28m0 containing DMF (280(il) was heated at 
reflux at 8SX for 1 hour. Afl^ cooling, the volatiles were ranoved by evaporation. The 
10 precipitatewastriturated with ether, filteied, washed wiAetfa^ and dried ^ The 
solid was dissolved in methylene chloride and saturated aqueous sodium hydrogen carbonate 
was added. The organic layer was separated, washed with water, brine, dried (MgS04) and 
evaporated to give 4-chloro-6-methoxy-7-(l-methylpiperidin-4-yhnedioxy)quinazoline (2.9g» 
98%). 

IS MS0BSI):322>fH]^ 

'HNMRSpectnim: (DMSOd^) 1.3-1.5(ni, 2H); 1.75-1.9(m, 3H); 2.0(t, IH); 2.25(s, 3H); 
2.85(d. 2H); 4.02(s, 3H); 4.12(d, 2H); 7.41(5. IH); 7.46(s, IH); 8.9(8, IH) 

Alternatively, the 6-methoxy-7-(l -m€lfayIp2peridin-4-yhndhoxy)-3,4- 
20 dihydn)quinazolin-4-one can be prepared as follows: 

Sodium hydride (1 .44g of a 60% suspension in min^ oil, 36inmol) was added in 
portions over 20 minutes to a solution of 7-beiizyloxy-6-methoxy<-3,4-dihydroqumazolin-4- 
one (8.4tig, 3Qmrool), (prepared, for example, as described in WO 97/22596, Example 1), in 
DMF (7Qml) and the mbcture was stirred for 1 .5 hours. Chlorometfayl pivalate (S.6Sg, 

25 37. 5mmoI) was added in portions and the mixture stirred for 2 hours at ambient temperature. 
The mixture was diluted with ethyl acetate (100ml) and poured onto iceAvater (40QmI) and 
2N hydrochloric acid (4ml). The organic layer was separated and the aqueous layer extracted 
with ethyl acetate, the combined extracts were washed with brine, dried Q^S04) and the 
solvent removed by evaporation. The residue was triturated with a mixture of ether and 

30 petroleum ether, the solid was collected by filtration and dried under vacuum to give 7- 
beiizyloKy-^-methoxy-3-((pivaloyloxy)mediyl)-3,4-dihydroquina2X>lin-4-^^ (lOg, 84%). 
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*HNMR Spectrum: (DMSOdJ l.ll(s, 9H); 3.89(s, 3H); 5.3(s, 2H); 5.9(s, 2H); 7.27(s, IH); 
7.35(ni, IH); 7.47(t, 2H); 7.49(d, 2H); 7.51(s, IH); 8.34(s, IH) 

A mixture of 7-beiizyloxy-6-methoxy-3-((pivaloyloxy)methy])-3,4- 
dihydn)quiiiazalin-4-oiie (7g, 177mmol) and 10% palladium-on-charooal catalyst (700mg) ia 
5 ethyl acetate (250mlX DMF (SOml), methanol (SQml) and ac^c acid (0 Jml) was stirred 
under hydrogen at atmosfdi^c pressure for 40 minutes. The catalyst was removed by 
filtration and the solvent removed from the filtrate by evaporation. The residue was triturated 
with ether, collected by filtration and dried under vacuum to give 7-hydroxy-6-medioxy-3- 
((pivaloyloxy)metfayl)-*3»4-dihydroquinazDlin-4-one (4 J6g, 80%). 

10 'HNMR Spectrum: (DMSOdJ l.l(s. 9H); 3.89(s, 3H); 5,89(s, 2H); 7.0(s, IH); 7.48(s, IH); 
8.5(s, IH) 

Triphmylpbosphine (1.7g» 6.Snmiol) was added under nitrogen ta a susprasion of 7- 
hydioxy-6-m€thoxy-3-((pivaloyIoxy)methyl)-3,4-dihydnK}dnazolin<4-one(1.53^ Smmol) in 
methylene diloride (20mIX followed by the addition of l-(/^/-/-butoxycarbonyl)-4- 

15 (hydK>xymethyl)pipmdine (L29g, 6mmolX (prepared as described for the starting material in 
Example 1), and by a solution of diethyl azodicaiboxylate (l.Bg, 6.5mmol) in methylene 
ddoride (Sml). After stirring for 30 minutes at ambimt tmipefature^ the reaction mbcbire 
was poured onto a column of silica and was duted with ethyl acetate^petroleum edier (1/1 
followed by 6/S, 6/4 and 7/3). Evq^oration of the fractions containiiig the expected product 

20 led to an oil that crystallised following trituration with pentane. The solid was collected by 
fihiation and dried under vacuum to ffve 7-^l-(/err-butoxycaibonyl)piperidin4-ylmetfaoxy)- 
6-methoxy'3-((pivak>yloxy)metbyl)-3,4-dihydn)quinazolin-4-one (232g, 92%). 
MS -ESI: 526 [MNaf 

'HNMR Speclium: (CDCy L20 (s, 9H), 1.2-1.35 (m, 2H), 1.43 (s. 9H), 1.87 (d, 2H), 2.05- 
25 2,2 (m, IH), 2.75 (t, 2H), 3.96 (d, 2HX 3.97 (s, 3H), 4.1-4,25 (br s, 2H), 5.95 (s. 2H), 7.07 (s, 
lH),7.63(s, lH),8.17(s, IH) 

Elemental analysis: Found C 61.8 H 7.5 N 8.3 

OJl^^^Oj Requires C 62.0 H 7.4 N 8.3% 

A solution of 7-(l-<rerr-butoxycaibonyl)piperidin-4-yimedioxy>6-metho^^ 
30 ((pivaloyloxy)meihyl)-3,4-dihydioquina2oIin-4-one (2.32g, 4.6mmol) in methylene chloride 
(23ml) containing TFA (Sml) was stirred at ambirat temperature for 1 hour. The volatiles 
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were removed under vacuum. The residue was partitioned between ethyl acetate and sodium 
hydrogen carbonate. The organic solvent was removed under vacuum and the residue was 
filtered. The precipitate was washed with wat^, and dried under vacuum. The solid was 
azeotroped with toluene and dried under vacuum to give 6-melfaoxy-7-(piperidin-4- 
5 ylmcthoxy>3<(pivaloyk)xy)methyl>3,4-dihydn)quinazoli^^ 
MS-ESI:404[MHr 

'HNMR Spectrum: (DMSOd^ CF3COOD) 1.15 (s, 9H), 1.45-1.6 (m, 2H), 1.95 (d, 2H3, 2.1- 
2.25 (m, IH), 2.95 (t, 2H), 3.35 (d, 2H), 3.95 (s, 3H), 4.1 (d, 2H), 5.95 (s, ZEi), 7.23 (s, IH), 
7.54 (s,lH), 8.45 (s, IH) 
10 A 37% aqueous solution of formaldehyde (501 fil, 6mmol) followed by sodimn 

cyanoborohydride (228mg, 3.6mmol) were added in portions to a solution of 6-methoxy-7- 
(piperidin-4-yhnethoxy)-3-((pivaloyloxy)methyl)-3,4-dihy^^ 

3mmol) in a mixture of THF/methanol (IQml/lOml). After stirring for 30 minutes at ambiat 
tanperature, the oiganic sotvots were removed under vacuum and 1b& residue was 

15 partitioiied between methylene chloride and water. Hie organic layo: was sqiaiated^ washed 
with water and brine, dried (MgS04) and the volatile were removed by ev^oration. The 
residue vras triturated with edier and the resulting solid was ooUected by filtration, washed 
with ether and dried under vacuum to give 6-methoxy-7-(l-methylpiperidin^-ylmedioxy)'3- 
((pivaloyloxy)mctfayl>3,4-dihydroquina2olin-4-one (1.02g, 82%). 

20 MS- ESI: 418 [MH]* 

'H NMR Spectrum: (CDCI3) 1.19 (s, 9H), 1.4-1.55 (m, 2H). 1.9 (d, 2H), 2.0 (t, 2H), 1.85-2.1 
(m, IH). 2.3 (8, 3H), 2.92 (d. 2H), 3.96 (s, 31S), 3.99 (d, 2H). 5.94 (s, 2H), 7.08 (s, IH), 7.63 
(5,1H),8.17(8,IH) 

A saturated solution of ammonia in methanol (14ml) was added to a solution of 6- 

25 methoxy.7-(l.me&ylpiperidm^ylmethoxy>3-((pivaloyloxy)met^^ 

4-one (L38g, 3.3nunol) in methanol (Sml). After stirring fcH- 20 hours at ambient 
temperature, the suspension was diluted with methylene chloride (10ml). The solution was 
filtered. The filtrate was ev€q)orated under vacuum and the residue was triturated with ether, 
collected by filtration, washed with ether and dried under vacuum to give 6-methoxy-7-(l- 

30 metfiylpiperidin-4-yhnethoxy)-3,4-dihydroquina2oIin-4-one(91Qmg, 83%). 
MS -ESI: 304 [MH]* 
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NMR Spectrum: (DMSOd«) 1.3-1.45 (m, 2H), 1.75 (d, 2H), 1.7-1.85 (m, IH), 1.9 (t, 2H), 
22 (s, 3H), 2.8 (d, 3.9 (s, 3H), 4.0 (d, 2H). 7.13 (s, IH), 7,45 (s, IH), 7.99 (s, IH) 

Example 3a 

5 3 .5M Hydrogen chloride in ethanol (75|ii, 0.26mmol) was added to a suspension of 4- 

dik)n>-6*methoxy-7'^l-metfayIpiperidin-4-ylmethoxy)qui (80mg, 0.25mmolX 

(prepared as described for the starting matoial m Example 2cX in isopropanol (3ml), the 
mixture was heated to 50°C and 4-chloio-2-fluwoaniline (44mg, 0.3mmol) was added. The 
mixture was heated at reflux for 30 minutes. Ait^ cooling, the mixture was diluted with 

10 ^er(3m]). The predpitate was collected by fihration, washed wilh ether and dri 
vacuum to give 4-(4-chloro-2-fluoroamlino)-6-methoxy-7-{l-methylpiperidin-4- 
ylmetboxy)qainazoUne hydrochloride (105mg, 82%). 
MS -ESI: 43M33 [MH]^ 

The NMR spectrum of the protonated form of 4-(4-diloro-2-fIuoioanilino)-6- 

15 metbo3qr-7-(l-mediylpiperidin-4-yimeaioxy)quinazolinehyd^ 
two forms A and B in a ratio A:B of approximately 9:1. 

NMR Spectrum: (DMSOd^ CF3COOD) 1.55-1 .7 (m, fonn A 2H), 1.85-2.0 (m, form B 
4H), 2.05 (d, form A2H), 2.1-2.2 (m, form A IH), 2.35 (s, 3H); 2.79 (s, form A 3H), 2.82 (s, 
form B 3H), 3.03 (t, form A 2H), 3.2-3.3 (m, form B 2H); 3,3-3.4 (m, form B 2H), 3.52 (d, 

20 form A 2H), 4.02 (s, 3H), 4.13 (d, form A 2H), 4.3 (d, form B 2H), 7.41 (s, IH), 7.47 (dd, 
IH), 7.63 (t, IH), 7.69 (dd, IH), 8.19 (s, IH), 8.88 (s, IH) 
Honental analysis: Found C 51.8 H 5.6 N 10.9 

C22H24N4O2CIF0.4H2O2HaRecpiires C 51.7 H 5.3 N 11.0% 

25 Example 3b 

An alternative melliod of prq)aration is as follows: 

Triphenylphosphine (615mg, 2.3mmol) followed by diethyl azodicaiboxylate (369jil, 
2.3mmoI) were added to a solution of 4-hydroxymethyl-l-methylpiperidine (151mg, 
l.lmmol), (J Med. Chem 1973, 16, 156), and 4-(4-chloro-2-fluoroanilino)-7-hydn)xy-6- 
30 methoxyquinazoline (250mg, 0.78mmol), (prepared as described for the starting mat^ai in 
Example 7), in methylene chloride (5ml). After stirring for 30 minutes at ambient 
temperature, 4-hydroxymethyl-l-methylpiperidine (51mg, 0.39mmoi), triphraylphosphine 
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(102ing, 0.39minoi) and diethyl azodicaiboxylate (61 (il, 0.39mmol) were added* After 
stining for I S minutes, the volatiles were removed under vacuum and the residue was 
purified by column chromatography eluting with methylene chloride/acetonitrile^etbanol 
(70/10/20 followed by 7S/S/20 and 80/0/20), The fiactions containing the expected product 
5 were combined and the volatiles were removed by evaporation. The residue was dissolved in 
a mirture of methylene chlmde and m^anol and SM hydrogm diloride in isopropanol was 
added. The suspension was cancmtrated and the solid was collected by fihration, washed 
witfi edier and dried under vacuum to give 4-<4-cUor^2-fluomiiUino>^aiethoxy-7-(l- 
meth^iiperidio^ylmethoxy)qiiiiiazoliiie hydrochloride (16mg» 4%). 



Under argon, sodium hydride (60%, 372mg, 9.3mmol) was added to a solution of 4- 
brDmO''2,6-difluoroaniline (1.67g, 8.08mmol) in DMF, After stming for 30 minutes at 
ambient temperature, 4^hlorD-6Hnetfa(»y-7-<l-mediylpiperidin-4-ylmethoxy 

IS (IJg,4.04nmioO was added and stining was continued for a fiuther 20 hou^ The mixture 
was poured onto water (130ml) and extracted with ediyl acetate. The organic layers wm 
washed widi water, brine, dried Q4gS0^ and the volatiles were removed by evaporation. 
Hie residue was purified by column chromatography on silica, ehiting with methylene 
chloride/imedianoi (95/5) followed by methylene chloride/methanol containing ammonia (1%) 

20 (90/10). The ii^actions containing Ihe expected product were combined and evq)orated. The 
residue was triturated with ether, collected by filtration, washed with eth^ and dried imder 
vacuum at SO^C to give 4-<4-bromo-2,6^difluoiMmlino)-6-raethoxy*7-^l-methyl|ii 
4-yiiii€thoxy)qoiiiazoline (1.4g, 70%). 
MS -ESI: 493-495 [MH]" 



25 NMR Spectrum: (DMSOdJ 1.3-L45 (m, 2H), 1.8 (d, 2H), 1,7-1.9 (m. IH), 1.9 (t, 2H), 
2.17 (s. 3H), 2.8 (d, 2H), 3.95 (s, 3H). 4.02 (d, 2H). 7,2 (s, IH), 7.63 (s, IH), 7.6 (s, IH), 
7,82 (s, lH),8.35(s, IH) 



10 



Example 4 



Elemental analysis: 
(yia^N^OjBrF^ 



Found 



Requires 



C 53.8 H 4.8 N 11.3 



C 53,6 H 4.7 N 11.4% 



30 
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EMmpIe S 

Using an analogous procedure to tiiat described in Example 4, 4Hdiloro-6-methoxy-7- 
(l-nietiiylpiperidin-4-ylmethoxy)quinazoline (246mg, 0.764mmol), (prepared as described 
for the starting material in Example 2c), was reacted with 4-chloro-2,6-difluoroaniline 
5 (2S0mg, l.S3mmoIX (see WO 97/30035 Example IS), in DMF (9ml) and in the presence of 
sodium hydride (60%» 76.Smg, 1.9mmol) to give 4^4-€Uoro-296-diilaoroanilino)-<H 
metlioxy-7-<l-methyIpi|ieridiBr4-]4m^hoxy)qttinaziriBiie (210mg, 61%). 
MS -ESI: 449-451 {MOr 

^H^fMR Spectrum: (pMSOdJ 1.3^1.45 (m, 1.8 (d, 2H), 1.7-1.9 (m, IH), 1.9 (t, 2H), 
10 2,2 (s, 3H), 2.8 (d, 2H), 3.96 (s, 3H), 4.02 (d, 2H), 7.21 (s, IH), 7.52 (s, IH), 7,54 (s, IH), 
7.82 (s, IH), 8.35 (s, IH) 

Elemental analysis: Found C 59.0 H 5.3 N 12.5 

CazHajNAClFj Requires C 58.9 H 5.2 N 12.5% 

IS The starting material was prepared as follows: 

4-Chloro-2,6-di£h]oroaniUne hydiochlcHide (see WO 97/30035 Example 15) was 
partitioned between methylene chlcmde and water and aqueous sodium hydiogw caifoonate 
was added until the pH of the aqueous layer was approximately 9. The organic layer was 
separated, washed with brine, dried (M gS04) and evaporated to give 4^1on>-2,6- 

20 difiuoioaniiine free base. 

EsunpkLi 

A suq>ension of 4-chloio-6-m€th0xy-7-(l-metfaylpiperidin-4-ylmetiio?^)quiii^ 
(200mg, 0.622mmolX (prepared as described for tiie starting material m Example 2c) and 2- 

25 fluon)-4-me1hylaniline (94mg, 0.764mmol) in isopropanol (5ml) containing 6.2M hydrogen 
chloride in isopropanol (1 lO^il) wis stirred at SOX for 1.5 hours. After cooling, the 
predpitate was collected by filtration, washed with isopropanol, followed by ether and dried 
under vacuum. The solid was purified by colunm chromatography, eluting with methylene 
chioridetoethanol (90/10) followed by 5 % ammonia in methanol/m^ylene chloride 

30 (10/90). Evaponition of the flections containing the expected product gave 4-(2-fluoro-4- 
methylaiulino)-4i^methoxy*7-(l-methylpiperidiiK4-^ylmethoxy^ (170mg, 61%). 

MS -ESI: 411 [MH]" 
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'HNMR Spectrum: (DMSOdJ 1.3-1.45 (m, 2H), 1.8 (d, 2H). 1.7-1.9 (m, IH), 1.9 (t, 2H), 
2-2 (s, 3H), 2.35 (s, 3H), 2.8 (d, 2H), 3.95 (s, 3H), 4,01 (d, 2H), 7.1 (d, IH), 7.13 (d, IH), 
7.16 (s, IH), 7.4 (t, IH), 7.81 (s, IH), 8.32 (s, IH), 9.4 (s, IH) 
Elemental analysis: Found C 66.5 H 6.7 N 13.7 

5 C23H27N4O2F0.3I^O Requires C 66,4 H 6.7 N 13.5% 

Example 7 

l-ter/-Butoxycai1xmyl-4-hydioxymethylpipaidiae (590mg, 2.75mmol), (prepared as 
desoibed for the starting material in Example 1), followed by triph^ylphosphine (L2g, 

10 4.58mmoI) and diediyl azodicaiboxylate (0.72ml, 4.58mmol) were added to a solution of 4- 
(4-chloro-2-fluoroamlino)-7-hydroxy-6-methoxyquinazoline (585mg, I.83mmol)in 
me&ylene chloride (20ml). After stirring for 1 hour at ambient temperature, further 
triphenylphosphine (239mg, 0.91nmiol) and diediyl azodicaiboxylate (0,14ini, 0.91mmol) 
were added. After stiiring for l.S hours, the volaliles were removed und^ vacuum and ^ 

1 5 residue was purified by column chromatDgnvhy duting with ethyl acetate/methy Ime chloride 
(1/1). The crude product was used directly in the next step. 

A solution of Ifae oude product in m^ylene diloride (1 Sml) containing TFA (4.5ml) 
was stirred at ambient t^perature for 1 .5 bouis. The volodles were removed under vacuum. 
The residue was partitioned between water and ethyl acetate. The aquemis layer was adjusted 

20 to pH9.5 with 2N sodium hydroxide. The organic layer was separated, washed with water, 
followed by brine, dried (MgSO^) and evaporated to give 4-(4-chloro-2-fluoroanilino)-6> 
methoxy-7-(piperidiii-4-yImetiio]gr)quia8z<rii^ 
MS -ESI: 417-419 [MH\^ 

NMR Spectrum: (DMSOds) 1-1-1-3 (m, 2H), 1.75 (d, 2H), 1.85-2.0 (br s, IH), 2.55 (d, 

25 2H), 2.95 (d, 2H), 3.95 (s, 3H), 4.0 (d, 2E^, 7,2 (s, IH), 7.35 (dd, IH), 7.55 (dd, IH), 7.6 (t, 
IH). 7.8 (s, IH), 8.35 (s, IH), 9.55 (s, IH) 

The hydrodiloride salt was made as follows: 

4-(4-Chloro-2-fluoroamlino)-6-methoxy-7-(piperidin-4-ybnethoxy)quina2oto^ 
30 dissolved in a mixture of methanol/methylene chloride and 6M hydrogen diloride m eth«" 
was added. The volatiles were removed under vacuum, the residue was triturated with etiier, 
collected by filtration, washed with ether and dried und^ vacuum to give 4-(4-cliloro-2- 
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fluoro>6-methoxy-7-(piperidiii-4-ylmethoxy)qtuaazol^ hydrochloride (390ing, 47% 
over 2 st^). 

Elemental analysis: Found C 50.4 H 5.2 N Il.O 

C21H22O2N4CIF2.25HCI Requiies C 50.6 H 4.9 N 11.2% 

5 

The starting matmal was prepared as follows: 

A solution of 7-benzyk>xy-4-chloro-6-meihoxyquinazoline hydrodiloride (1.2g, 
4mmolX (prepared as d^cribed in WO 97/22596, Example 1), and 4-chloio-2-fhioroamline 
(444^1, 4mmol) in 2-propanol (40ml) was heated at reflux for 1.5 hours. After cooling, the 
10 precipitate was collected by filtration, washed with 2-propanol tfien ether and dried und«- 
vacuum to give 7-benzyloxy^-(4-dik>io-2-fluoroanilino)-6-methoxyquina26 
hydrochloride (1. 13g, 64%). 
m.p. 239-242X 

"HNMR Spectrum: (pMSOiy 4.0(s, 3H); 5.36(s, 2H); 7.39-7.52(m. 9H); 8.1(s, US); 8.75(s, 
15 IH) 

MS-ESI:410[MIir 

Elemental analysis: Found C 59.2 H 4.3 N 9.4 

CazHnNaOaOF IHCl Requires C 592 H 4,1 N 9.4% 

A solution of 74)enzyIoxy-4-(4-chloro-2-fluoroanilino)-6-methoxyquinazoline 

20 hydrochloride (892mg, 2mmol) in TFA (10ml) was heated at reflux for 50 minutes. After 
cooling, the mixture was poured onto ice. The precipitate was collected by filtration, 
dissolved m methanol (10ml) and basified to pHl 1 with aqueous amm on ia, After 
concentration by evaporation, the solid produiA was collected by filtration^ washed widi water 
then eth^ and dried under vacuum to give 4-(4-chloro-2-fhioroanilino)-7-hydtoxy-6- 

25 methoxyqumazDline as a yellow solid (46Qmg, 72%). 
m.p. 14M43°C 
MS - ESI: 320-322 [MH]^ 

'HNMR Spectrum: (DMSOdJ 3.95(s, 3H); 7.05(s, IH); 7.35(d, IH); 7.54-7.59(m, 2H); 
7.78(s, IH); 8.29(s, IH) 
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Example 8 

A suspension of 7-(l-(/^^butoxycaIboQyl)piperidm-4-ylmethoxy)-4-^ 
methylanilmo)-6-methoxyquinazolme (318mg, 0.64nimol) in methylene chloride (5ml) 
containing TFA (2.5ml) was stirred at ambient temperature for 2 hours. The volatiles were 
S removed under vacuum and the residue was partitioned between methylene chloride and 
water. The aqueous layerwas adjusted to pHlO-11. The ofganic layer was separated, washed 
with water, brine, dried ^^$04) and the volatiles were removed by evaporation to give 4^2r 
fiuonH4-methylaiiiliiio)-fr-iiiethoxy-7-<piperiil^^ 87%). 
MS-^ESt397[MtIh- 

10 'HNMR Spechum: (PMSOd^) 1.15-1.3 (m, 2H); 1.75 (d, 2H); 1.85^2.0 (m, IH); 2.4 (s, 310; 
3.0 (d, 2H); 3.3-3.4 (d, 2H); 3.95 (s, 3H); 4.0 (d, 2H); 7.04 (d, IH); 7.15 (d, IH); 7.17 (s, 
IH); 7.4 (t, IH); 7.8 (s, IH); 8.3 (s, IH); 9.4 (s, IH) 

The starting material was prqmred as follows: 

15 Using an analogous procedure to that described in Example 6, 7-bm^loxy-4-chloio- 

6-mrthoxyquinazoline hydrochloride (l.S5g, S.lSmmol), (prepared, for example, as 
described in WO 97/22596, Rumple 1), was reacted with 2-fhion>-4-methylamlme (700mg, 
5.67mmol) in is(^)rtqpanol (90ml) containing 6.2M hydrogen chloride in isopropanol (80|xl, 
0.51nunol) to give 7-4>mzyloxy-4-(2-fhioio-4-methylaniliiio)-6Hnethoxyqui 

20 hydrochloride (2g, 91%). 
MS.ESI:390(MHJ* 

^H NMR Spectrum: (DMSOd,^ 2.4 (s, 3H), 4.01 (s, 3H), 7.15 (d. IH), 7.25 (d, IH), 7.35-7.6 
(m, 7H), 8.3 (s, IH), 8.78 (s, IH) 

A solution of 7-benzyioxy^-(2-fluoro-4-metfaylamljno)-6-metho:^qiunazDli^^ 

25 hydrochloride (2g, 4.7mmol) m TFA (20ml) was heated at 80^C fw 5 hours and stirred at 
ambient temperature overnight The volatiles were removed under vacuum and the residue 
was suspended in water (50ml). Solid sodium hydrogen carbonate was added until tiie pH 
was approximately 7. The predpitate was then collected by filtration, washed with wato: and 
dried under vacuum. The solid was purified by column chromatography eluting with 

30 methanol/methylene chloride (5/95). After removal ofthe solvent by evaporation, the solid 
was triturated witiit ether, collected by filtration, washed with ether and dried imder vacuum to 
give 4-(2-fluon>-4-methylamlinp)-7-hydroxy-6-methoxyquinazoline(1.04g^ 74%). 
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MS -ESI: 300 [MH]' 

'HNMR Spectrum: (DMSOd^) 2.4 (s, 3H), 4.0 (s, 3H). 7.15 (d, IH), 7,22 (s, IH), 7.25 (d, 
IH), 7.41 (t, IH), 8.05 (s, IH), 8.7 (s, IH), 11.0 (s, IH), 1 1.5-11.8 (br s, IH) 

Triphenylphosphine (2.19g, 8.36mmol) was added to a suspension of 4-(2-fluoro-4- 
5 niethylanilmo)-7-hydn)xy-6-nietlioxyquinazDlme (Ig, 3.34mmol) in methylene cMoride 
(10ml) cooled at (fCy followed by Hrer/-butoxycaibonyl)-4-hydn)xymethylpiperidine 
(l.OSg, 5.01mmolX (prepared as described for the starting material in Example 1), and diethyl 
a2X)dicaiboxylate (1.3 Iml, 8.36mmol). After stiiring for 2 hours at ambient temperature^ the 
volatiles were removed und^ vacuum. The residue was purified by column chromatography 
10 chiting with methylene chloride/methanol (2/98). Afto" removal of 4e solvent by 

evaporation, the residue was triturated with ether, collected by filtration, washed with ether 
and dried under vacuum to give 7-^l-(rer/-butoxycarbcmyl)piperidin-4-yhnethoxy)-4-(2- 
fluon><4-methylaniiino)^6^ethoxyquinazoliiie (327mg, 20%). 
MS-ESI:497|MH]+ 

15 ^HNMR Spectrum: (DMSOd^ M5-1.3 (m, 2H); 1.45 (s. 9H); 1,8 (d, 2H); 2.0-2.1 (m, IH); 
2.4 (s, 3H); 2.75^2.9 (br s, 2H); 3.95 (s, 3tS)\ 4.0 (br s, 2H); 4.05 (d. 2H); 7.1 (d. IH); 7.15 
(d, IH); 7.2 (5, IH); 7.4 (t, IH); X85 (t, IH); 8.32 (s. IH); 9.45 (s. IH) 

Example 9 

20 A solution of 4-(4-bromo-2,6-difluoroanilino)-7-(l-(terr-butoxycarbonyl)piperidin-4- 

ylmethoxy)-6-metfaoxyquinazoline (578mg, Immol) in methylene chloride (10ml) containing 
TFA (4ml) was stirred at ambient temperature for 2 hours. The volatiles were removed under 
vacuum and the residue was suspended in water. The aqueous layer was adjusted to 
qniroximately pHlO and was extracted with methylene chloride. The organic layer was 

25 washed vdtii water, brine » dried (MgSOJ and the volatiles were removed by evaporation. 
The residue was triturated with ether and dried und^ vacuum to give 4-{4-bromo-2,6- 
difluoroa]iiIino)^iiiethoxy'7-<piperidiiK4-yImethox (1 lOmg, 23%). 

MS -ESI: 479-481 [MH]+ 

'HNMR Spectrum: (DMSOd^) 1.15^1.3 (m, 2H) ; 1.75 (d, 2H) ; 1.85-2.0 (br s, IH) ; 2.5 (d, 
30 2H) ; 3.0 (d, 2H) ; 3.97 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (s, IH) . 7.62 (d, 2H) ; 7.82 (s, IH) ; 8.35 
(s, IH) 
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^HNMR Spectrum: (DMSOd^; CF3COOD) 1,5-1.65 (m, 2H) ; 2.0 (d, 2H) ; 2,15-2.3 (br s, 
IH) ; 3.0 (t, 2H) ; 3.4 (d, 2H) ; 4.02 (s, 3H) ; 4.15 (d, 2H) ; 7.4 (s, IH) ; 7.75 (d, 2H) ; 8.1 (5. 
lH);8.92(s, IH) 

5 The starting matoial was prepared as follows: 

Sodium hydride (60%, 612mg, lS.3mmol) was added to a sohition of 4-bix)mo-2,6- 
difluoroaniline (2.77g, 6.65mmol) in DMF (8Qml). After stirring for 30 minutes at ambient 
tempmtture^ 7-^eDzyloxy-4-chlofo-6-metfaoxyquinazoline (2g, 6.65mmol), (prepared, for 
example, as descaibed in WO 97/22596, Example I, but the free base was generated prior to 

10 use), added and stifling was maintained for 4 hours. The mixture was partittoned 
between ethyl acetate and watOT (20Qml). The organic layer was separated, washed with 
water, brine, dried (MgS04) and the volatiles were removed by evaporation. The residue was 
triturated with isopropanol, collected by filtration, washed with ether and dried under vacuum 
to g^e 7-benzylaxy-4-(4-bromo-2,6HlifluoioaniIino)-6-medioxyq^ (l-9Sg, 62%). 

15 MS -ESI: 472-474 [MHl^ 

^HNMR Spectrum: (DMSOd^) 3.94 (s, 3H), 5.3 (s, 2H), 7.3 (s, IH), 7.4 (d, IH), 7.45 (t. 2H), 
7.5 (s, IH). 7.55 (d, IH), 7.65 (d, 2H), 7.85 (s, IH), 8.35 (s, IH), 9.4-9.6 (br s, IH) 

Using an analogous procedure to that described for the synthesis of the starting 
mat^al in Example 8, 7-ben2yloxy-4-(4-bromo-2,6-^ifluoroanilino)-6-methoxyquinazol^ 

20 (1.9g,4.02mmol) was reacted with TFA (20ml) to give 4-(4-bromo-2,6-di£hioR)anUino)-7- 
hydn>xy-6-methoxyquina2oitne (1 . 5g, 98%). 

*H NMR Spectium: (DMSOdJ 3.95 (s, 3H), 7,1 (s. IH), 7.6 (s, IH), 7.65 (s, IH), 7.8 (s, IH), 

8.3 (s, IH), 9.45 (br s. IH), 10.5 (br s, IH) 

Using an analogous procedure to tiiat described in the preparation of the starting 
25 matmal in Example 8, 4-(4-bromo^2,6^ifiuoroaniliao)-7-hydroxy-6-medioxyquina2oiiiie 

(Ig, 2.62mmoi) was reacted with l-(/e7t-bul0xycafbonyl)-4-hydni}^ediylpiperidine 

(845mg, 3.93mmol), (prqrared as described for the starting material in Example 1), to give 4- 

(4-bromo-2,6-difluoroanilino)-7-(l-(/err-bulDxycarb<myl)pipe^^ 

methoxyquinazoline (620mg , 41%). 
30 MS - ESI: 579-581 [MH]+ 
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NMR Spectnim: (DMSOcQ L15-L3 (m, 2H); 1.45 (s, 9H); 1.8 (d, 2H); 2.0-2.1 (m, IH); 
2.7-2.9 (in, 2H) ; 3.95 (s, 3H) ; 4.0 (br s, 2H) ; 4.05 (d, 2H) ; 7.22 (s, IH) ; 7.65 (d, 2H) ; 
7.85 (s, IH) ; 8.35 (s, IH) ; 9.4-9.6 (br s, IH) 

5 Example 10 

Using an analogous procedure to that described in Example 9, 7-(l-<ter/- 
but0xycaibonyl^iperidiii-4-ylmedioxy)-4<<4-c^ 

mellioxyquinazDline (95mg, 0.2mmol) in mefhylene chloride (2ml) was treated widi TFA 
(800)11) to give 4-(4-ddonH2»6HiiflaoroaiiiUno)-6-methoxy-7-(piperidiA-^ 
10 ylmethoxy)quinazoluie (2(hDg» 26%). 
MS -ESI: 435-437 [MH]+ 

*H NMR Spectnmi: (DMSOd^) L2-1.3 (m, 2H); 1.75 (d, 2H) ; 1.85-2.0 (br s, IH) ; 2.5 (d, 
2H) ; 3.0 (d, 2H) ; 3.97 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (s, IH); 752 (d, 2H) ; 7.85 (s, IH) ; 8.35 (s, 
IH) 

15 

The starting material was prepared as follows: 

Using an analogous procedure to fhat described for the preparation of the starting 
material in Example 9, 7-b«zyloxy"4-diloro-6-methoxyquinazoline (I84mg, O.Glmmol), 
(prepared, for example, as desoibed in WO 97/22596, Example 1, but the free base was 
20 generated priw to use), was reacted with 4-chlor(>-2,6-difluorDaniline (200mg, 1.22mmol) in 
the presence of sodium hydride (60%, 87mg, 1.4mmol) in DMF (8ml) to give 7-ben2yloxy-4- 
(4-<;hloio-2,6-difluoroanilino)-&4nethoxyquina20line (212mg, 74%). 
MS-ESI:428[MH1+ 

"HNMR Spectram: (DMSOd^ 3.96 (s, 3H); 5.31 (s, 2H); 7.32 (s, IH); 7.4 (d, IH); 7.45 (t, 

25 2H); 7.5-7.6 (m, 4H); 7.85 (s, IH); 8.35 (br s. IH); 9.55 (br s, IH) 

A solution of 74)enzyloxy-4-(4-cfaloro-2,6-difiuoroanilino)-6-methaKyqi^^ 
(200mg, 0.47mmol) in TFA (3ml) was stirred at 80°C for 3 hours. Afker cooling, the 
volatiles were removed under vacuum and the residue was dissolved in water containing 5% 
methanol. The pH was adjusted to 8 with sodium hydrogen carbonate and the solid was 

30 collected by filtration and washed with water. Thesolid was solubiUsed in a mixture of ethyl 
acetate/medianol/methylene diloride (47/6/47). The volatiles were removed under vacuum to 
give 4-(4'ChIoro-2,6-difluoroanilino)-7-hydroxy-6-methoxyquinazoline (I26mg, 80%). 
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MS-ESI:33S[MErh- 

•HNMR Spectnim: (DMSOds) 3 95 (s, 3H); 7.1 (s. IH); 7.55 (d, 2H); 7.8 (s, IH); 8.3 (s, 
lH)i9.42(br8, IH) 

Using an analogous pn>cedure lo that described for the preparation of the starting 
5 material in Example 9, 4-(4-diloro-2,6>difIuon>aiiilino)-7-hydn>xy-6-metfaoxyquinazoline 
(ISOmg, 0.44nimol) was reacted witfa l-(rerr-l>utoxycaibony])-4-hydraxym^ylpiperidine 
(ISQmg, O.SSmmol), (prepared as described for tfae starting material in Example 1), to gjve 7-. 
(l-(/er^b|]toxyc8Ibonyl)piperidin-4-ylmedloxy)-4-(4^ 
medKH^quinazoline (1 13mg» 59%). 
10 MS-ESI:S3S[MHH- 

'HNMR Spectrum: (DMSOd«) 1.15-1.3 (m, 2H); 1.45 (s, 9H); 1.8 (d, 2H); 2.0-2.1 (m, IH); 
2.7-2.9 (m, 2H); 3.95 (s. 3H); 4.0 (br s, 2H); 4.05 (d, 2H); 7.2 (s. IH); 7.6 (m, 2H); 7.8 (s, 
IH); 8.35 (8, IH); 9.4-9.6 (br s, IH) 

15 ^i^Fmnkl' 

The following illustntte rqnFesentaltve pharmaceutical dos^e forms omtaining tfae 
onDpouDd of formula 1, or a phannaceutically acceptable salt diereof Oieieafkra' compound X), 
for tlieFq>eiidc or proiAylactic use in humans: 



20 (a) 



Tablet I 


me/tablet 


Compound X 


100 


Lactose Fh.Eur 


182.75 


Croscaimellose sodium 


12.0 


Maize starch paste (5% w/v paste) 


2.25 


Mmiesium stearate 


3.0 



25 



(b) Tablet n me/tablet 

Compound X SO 

Lactose Ph.Eiir 223 75 

30 Croscarmdlose sodium 6.0 

Maize starch 15.0 

Polyvinylpyrrolidone (5% w/v paste) 2.25 
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MBgaeshim steante 3.0 

(c) Tablet m mg^tablst 

Compound X 1,0 

5 Lactose Ph.Eiir 93.25 

Closcaimellose sodium 4.0 

Maize starch paste (5% v/fv paste) 0.75 

Magnesium steamte 1 .0 



10 (d) Cq)sule mg/capsule 

Compound X 10 

Lactose Ph.Eur 488.5 

Magnesium steanite 1 .5 



15 (e) Injection I 

Compound X 

IM Sodium hydioxide solution 
0. IM Hydiochlmc acid 
(to adjust pH to 7.6) 
20 Polyethylene glycol 400 

Water for injection to 100% 



(50 mg/ml) 
5,0% w/v 
15.0% v/v 



4,5% w/v 



(f) Inj^oi^n 
Compound X 
25 Sodium phosphate BP 

0. IM Sodium hydroxide solution 
Water for injection to 100% 



10 mg/mH 
1.0% w/v 
3.6% w/v 
15.0% v/v 



(g) Injection III 
30 Compound X 

Sodiiim phosphate BP 
Citric acid 



(Imp/mLbufiFered to pH6) 
0.1% w/v 
2,26% w/v 
0.38% w/v 
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Polyediylene glycol 400 3.5% w/v 

Wat^ for injection to 100% 

Note 

The above formulations may be obtained by conventional procedures well known in the 
5 phaimaceutical art The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phlfaalate. 
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CLAIMS 



1. 



A quioazoiine derivative of the fonDula I; 




N 



0) 



\dierein: 

m is an integer from 1 to 3; 

represents halogeno or C,.3alkyl; 
10 X' represents -0-; 

is selected £rom one of the following three groups: 

1) Ci^alkySC (wheran R' is piperidin-4-yl wfaidi may bear one or two siibstituents selected 
from hydroxy, halogeno, CMalkyl, Ci^hydroxyalkyl and C,^alkoxy; 

2) C^alkmylR^ (herein R' is as defined herein); 
IS 3) Cj^sdUcynylR^ (wherein is as defined herein); 

and wherein any alkyl, alkenyl or alkynyl group may bear one or more substituents selected 
from hydroxy, halogeno and amino; 
or a salt thereof 

20 2. A quinazoline derivative as claimed in claim 1 wherein the phenyl group bearing 
(ROm is selected from 2-fluoro-4-methyliAcnyl, 4-chlQn)-2,6-difhjorophenyl, 4-biomo-2,6- 
difluorophenyl^ 4-chloro-2-fluon^henyl group and 4-bromo-2-fluorophenyl. 

3 . A quinazoline derivative as clahned in claim 1 or claim 2 wh^ein R^ is Ct.,alkylR^ 
25 (wherein R' is as defined in claim 1). 
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4. A quinazoline derivative as claimed in any one of the preceding claims wherein is 
piperidin*4-ylmethyl in which the piperidine ring may bear one or two substituents selected 
from Ci^alkyl 

5 S. A quinazoline derivative of the formula n: 




wherdn: 
10 ma is an integer from 1 to 3; 

R^* represents halogeno or C^alkyl; 
X^* represents -0-; 

R^ is selected from one of the following tiiree groups: 
1) C|.5alkylR^ (wherein R^ is as defined in claim 1); 
IS 2) C2^^keny\S^ (wherein R^ is as defmed in claim 1); 
3) C2.sAtl^ylR^ (wherein R^ is as defined in claim 1); 
or a salt thereof. 

6. A quinazoline derivative selected from: 
20 4-(4^chlonH2-fluomanilino)-6-melfaoxy-7-<l-methylpipmdm-4-yto 
4-(2-fh]oro-4-methylanilino>6-metfaoxy-7-<l-mediylpiperidin-4-y^ 
4-(4-bromo-2-fhion)anilino)-6-mefhoxy-7-<l-mediylpi^ 

4^4-chloro-2>difluoroamlino)-6Haie<hoxy-7-(l Hncdiylpiperidin-4-ylmelhoxy)qumazoline, 
4-<4-bfomo-2,6-diflu(m>aniluK>)-6-metfaQxy-7-<l-^ 
25 4^4-chion>-2-fluoroanilino)--6-methoxy-7-<piperidin^ylmetho^ 

4-(2-'fluoro-4-methylanilino)'6-medioxy-7-(piperidin-4-yhnethoxy)quinazo 
4*(4-bromo-2-fluoroanilino)-^-methoxy-7^iperidin-4*ylmethoxy)quinaz^ 



wo 01/32651 PCT/GBOO/04181 

-55- 

4-(4-chloro-2^6-difluoroamlino)^methoxy-7-{piperid^ and 

4-(447romo-2,6-difluoroanilino)-6-methoxy-7^iperidin-^ 

and salts thereof. 

S 7, A quinazoline derivative selected from: 
4-(4-chloio-2-fhiimamIino)-^^ 
4-(44>romo-2-fluonianilino)-^medioxy-7-(l-met^ 
4-(4^hloro-2,6-difluoioanilino)-6-mdlx>xy-7-(l-met^ 
aoid 

10 4-(4-bromo-2,6-^fluoioanilmo)-6-methoxy-7-(l-methylpiperidin^^ 
and salts thereof. 

8. A quinazoline derivative selected fix>ni: 
4-(4-bromo-2-fluon>anilino>6-metfao3cy-7-(l-m^ 

IS and salts thereof. 

9. A quinazoline derivative as daimed in any one of tbe preceding claims in the form of 
a phaimaoeutically accqrtable salt 

20 10. A process for the preparation of a quinazoline derivative of formula I, as defined in 
claim 1, or a salt thereof which comprises: 
(a) the reaction of a ccHnpound of the fonnula ni: 



25 




m 

30 

wherein and are as defined in claim 1 and is a displaceable moiety^ witfi a compound 
of the formula IV: 
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5 

(TV) 

wherein and m are as defined in claim 1 ; 

(b) the reaction of a compound of the formula V: 




(V) 

wh^in m, and are as defined in claim 1 with a compound of formula VI: 



20 R^-L' (VI) 

wherein R^ is as defmed in claim 1 andL' is as ddined herein; 
(c) the reaction of a compound of the formula VU: 




30 (VII) 



with a compound of the formula Vm: 
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(vni) 



wherein R', R^ m and X' are as defined in claim 1 and L' is as defined llereiI^ or 
5 (d) IhedepratectionofaoMiipouiidoflheibnnulalX: 



10 



rV 



O 




(K) 



wh^n R'y m and X' are as d^ned in claim 1, and represents a protected group 
IS >^ereia R^ is as defined in claim I but additionally beats one or more protecting groups I^; 
and yfhm a phannaceutically accqilable salt of a quinazoline daivative of fonnula I is 
required, reaction of the compound obtained with an acid or base ^er^y to obtain the 
desired phannaoeutically acceptable salt 

20 1 1 . A pharmaceutical ccmiposition which comprises as active ingredieat a compound of 
formula I as defined in claim 1 or a pharmaoeutically accqrtable salt tiioeo^ m association 
with a phannaceutically acceptable excipient or carrier. 

12. The use of a compound of the fonnula I, as defined in daim 1, w a phannaceutically 
2S aoceptd>le salt tfamof in the manufacture of a medicam^ for use in the produ^ 

antiangiogenic and/or vascular penneability reducing effect in a warm-blooded animal such 
as ahumanbraig. 

13 . A method for producing an antiangiogenic and/or vascular permeability reducing 

30 effect in a warm-blooded animal in need of sudi treatment which comprises administering to 
said animal an effective amount of a compound of fcmnula I as defined in claim 1 or a 
phannaceutically acceptable salt thereof. 
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